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CHARLES  DARWIN 

By  GRANT  ALLEN 


PREFACE. 

I  HAVE  endeavored  here  to  pre- 
sent the  life  and  work  of  Charles 
Darwin  viewed  as  a  moment  in  a 
great  revolution,  rn  due  relation  both 
to  those  who  went  before  and  to 
those  who  come  after  him  Recog- 
nizing, as  has  been  well  said,  that 
the  wave  makes  the  crest,  not  the 
crest  the  wave,  I  have  tried  to  let  my 
hero  fall  naturally  into  his  proper 
place  in  a  vast  onward  movement  of 
the  human  intellect,  of  which  he  was 
himself  at  once  a  splendid  product 
and  a  moving  cause  of  the  first  im- 
portance. I  have  attempted  to  show 
him  both  as  receiving  the  torch  from 
Lamarck  and  Malthus,  and  as  pass- 
ing it  on  with  renewed  brilliancy  to 
the  wide  school  of  evolutionary  think- 
ers whom  his  work  was  instrumental 
in  arousing  to  fresh  and  vigorous 
activity  along  a  thousand  separate 
and  varied  lines  of  thought  and  ac- 
tion. 

As  Mr.  Francis  Darwin  was  al- 
ready engaged  upon  a  life  of  his 
father,  I  should  have  shrunk  from 
putting  forth  my  own  little  book  if  I 
had  not  succeeded  in  securing  be- 
forehand his  kind  sanction.  That 
sanction,  however,  was  at  once  so 
frankly  and  cordially  given,  that  all 
my  hesitation  upon  such  a  score  was 
immediately  laid  aside ;  and  as  I 
have  necessarily  had  to  deal  rather 
with  Darwin's  position  as  a  thinker 
and  worker  than  with  the  biographi- 
cal details  of  his  private  life,  I  trust 


the  lesser  book  may  not  clash  with 
the  greater,  but  to  some  extent  may 
supplement  and  even  illustrate  it. 

Treating  my  subject  mainly  as  a 
study  in  the  interaction  of  organism 
and  environment,  it  has  been  neces- 
sary for  me  frequently  to  introduce 
the  names  of  living  men  of  science 
side  by  side  with  some  of  those  who 
have  more  or  less  recently  passed 
away  from  among  us.  For  uniformi- 
ty's sake,  as  well  as  for  brevity's,  I 
have  been  compelled,  in  every  in- 
stance alike,  to  omit  the  customary 
conventional  handles.  I  trust  those 
who  thus  find  themselves  docked  ot 
their  usual  titles  of  respect  will  kindly 
remember  that  the  practice  is  in  fact 
adopted  ^tf^ra  ^«j^  /  they  are  pay- 
ing prematurely  the  usual  penalty  of 
intellectual  greatness. 

My  obligations  to  Professor  Hux- 
ley, to  Professor  Fiske,  to  Mr.  Her- 
bert Spencer,  to  Professor  Sachs,  to 
Hermann  Miiller,  to  Dr.  Krause,  to 
Charles  Darwin  himself,  and  to  many 
other  historians  and  critics  of  evo- 
lutionism, will  be  sufficiently  obvious 
to  all  instructed  readers,  and  are 
for  the  most  part  fully  acknowledged 
already  in  the  text.  It  would  be  ab- 
surd to  overload  so  small  and  popu- 
larly written  a  book  with  references 
and  authorities.  I  hope,  therefore, 
that  any  other  writers  to  whom  i 
may  inadvertently  have  neglected  to 
confess  my  debts  will  kindly  rest 
satisfied  with  this  general  acknowl- 
edgment. There  are,  however,  three 
persons  in  particular  from  w 
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have  so  largely  borrowed  facts  or 
ideas  that  I  owe  them  more  special 
and  definite  thanks.  From  Mr.  Wood- 
all's  admirable  paper  on  Charles 
Darwin,  contributed  to  the  "Trans- 
actions of  the  Shropshire  Archae- 
ological Society,"  I  have  taken  much 
interesting  information  about  my 
hero's  immediate  ancestry  and  early 
days.  From  Mr.  Samuel  Butler, 
the  author  of  "  Evolution  Old  and 
New,"  I  have  derived  many  preg- 
nant suggestions  with  regard  to  the 
true  position  and  meaning  of  Buffon, 
Erasmus  Darwin,  and  the  early  es 
sentially  teleological  evolutionists — 
suggestions  which  I  am  all  the  more 
anxious  to  acknowledge  since  I  differ 
fundamentally  from  Mr.  Butler  in  his 
estimate  of  the  worth  of  Charles 
Darwin's  distinctive  discovery  of  nat- 
ural selection.  Finally,  to  Mr.  Bates, 
the  "  Naturalist  on  the  Amazons,"  I 
am  indebted  for  several  valuable 
items  of  information  as  to  the  general 
workings  of  the  pre-Darwinian  evolu- 
tionary spirit. 

In  a  book  dealing  so  largely  with 
a  contemporary  movement,  the  his- 
tory of  which  has  never  yet  been  con- 
secutively written  down  in  full,  or 
subjected  as  a  whole  to  searching 
criticism,  there  must  probably  be 
many  errors  of  detail,  which  can 
hardly  be  avoided  under  such  cir- 
cumstances. I  have  endeavored  to 
minimize  them  as  far  as  possible. 
For  those  which  may  have  escaped 
my  own  scrutiny  I  must  trust  both 
for  correction  and  for  indulgence  to 
the  kindness  of  my  readers. 


CHAPTER   L 

THE     WORLD      INTO     WHICH      DARWIN 
WAS    BORN. 

i.  CHARLES  DARWIN  was  a  great 
man,  and  he  accomplished  a  great 
work.  The  Newton  of  biology,  he 
found  the  science  of  life  a  chaotic 
maze;  he  left  it  an  orderly  system, 
with  a  definite  plan  and  a  recogniz- 


,  able  meaning  Great  men  are  not 
accidents;  great  works  are  not  ac- 
complished in  a  single  day.  Both  are 
the  product  of  adequate  causes.  The 
great  man  springs  from  an  ancestry 
competent  to  produce  him  ,  he  is  the 
final  flower  and  ultimate  outcome  of 
converging  hereditary  forces,  that  cul- 
minate at  last  in  the  full  production 
of  his  splendid  and  exceptional  per- 
sonality. The  great  work  which  it  is 
his  mission  to  perform  in  the  world  is 
never  wholly  of  his  own  inception. 
It  also  is  the  last  effect  of  antecedent 
conditions,  the  slow  result  of  tenden- 
cies and  ideas  long  working  unseen  or 
but  little  noticed  beneath  the  surface 
of  opinion,  yet  all  gradually  conspir- 
ing together  toward  the  definitive 
revolution  at  whose  head,  in  the  full- 
ness of  time,  the  as  yet  unborn  gen- 
ius is  destined  to  place  himself.  This 
is  especially  the  case  with  those  ex- 
traordinary waves  of  mental  upheaval, 
one  of  which  gave  us  the  Italian  re- 
naissance, and  another  of  which  is 
actually  in  progress  around  us  at  the 
present  day.  They  have  their  sources 
deep  down  in  the  past  of  human 
thought  and  human  feeling,  and  they 
are  themselves  but  the  final  manifes- 
tation of  innumerable  energies  which 
have  long  been  silently  agitating  the 
souls  of  nations  in  their  profoundest 
depths. 

2.  Thus,  every  great  man  may  be 
regarded  as  possessing  two  distinct 
lines  of  ancestry,  physical  and  spirit- 
ual, each  of  which  separately  demands 
elucidation.  He  owes  much  in  one 
way  to  his  father  and  his  mother,  his 
grandfathers  and  his  grandmothers, 
and  his  remoter  progenitors,  from 
some  or  all  of  whom  he  derives,  in 
varying  degrees  and  combinations, 
the  personal  qualities  whose  special 
interaction  constitutes  his  greatness 
and  his  idiosyncrasy ;  he  owes'  much 
in  another  way  to  his  intellectual  and 
moral  ancestors,  the  thinkers  and 
workers  who  have  preceded  him  in 
his  own  department  of  thought  or 
action,  and  have  made  possible  in  the 
course  of  ages  the  final  development 
of  his  special  revolution  or  his  par- 
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ticular  system.  Viewed  as  an  individ- 
ual, he  is  what  he  is,  with  all  his 
powers  and  faculties  and  potentiali- 
ties, in  virtue  of  the  brain,  the  frame, 
the  temperament,  the  energy  he  in- 
herits directly  from  his  actual  ances- 
tors, paternal  and  maternal ;  viewed 
as  a  factor  or  element  in  a  great 
movement,  he  is  what  he  is  because 
the  movement  had  succeeded  in 
reaching  such  and  such  a  point  in  its 
progress  already  without  him,  and 
waited  only  for  such  and  such  a  grand 
and  commanding  personality  in  order 
to  carry  it  yet  a  step  further  on  its 
course  of  development. 

3.  No   man  who  ever  lived  would 
more  cordially  have  recognized  these 
two  alternative  aspects  of  the  great 
worker's  predetermining  causes  than 
Charles  Darwin.     He  knew  well  that 
the  individual  is  the  direct  cumulative 
product  of  his  physical  predecessors, 
and  that  he  works  and  is  worked  upon 
in  innumerable  ways  by  the  particular 
environment  into  whose  midst  he  is 
born.     Let   us   see,  then,  in  his  own 
case,  what  were  these  two  main  sets 
of  conditioning  circumstances  which 
finally  led  up  to  the  joint  production 
of  Charles  Darwin,  the  man  and  the 
philosopher,  the   thinking   brain    and 
the  moving  energy.     In  other  words, 
what  was  the  state  of  the  science  of 
life  at  the  time  when  he  first  began  to 
observe  and  to  speculate;  and  what 
was  the  ancestry  which  made  him  be 
born  a  person  capable  of  helping  it 
forward    at    a   single  bound  over  its 
great  restricting  dogmatic  barrier  of 
the  fixity  of  species  ? 

4.  Let  us  begin,  in  the  first  place, 
by  clearing  the  path  beforehand  of  a 
popular  misconception,  so  extremely 
general  and  almost  universal  that,  un- 
less  it  be  got  rid  of  at  the  very  out 
set   of  our  sketch,  much  of  the   real 
scope  and   purport   of    Darwin's  life 
and  work  must,  of   necessity,  remain 
entirely   misunderstood   by   the   vast 
mass   of    English    readers.     In    the 
public  mind  Darwin  is,  perhaps,  most 
commonly  regarded  as  the  discoverer 
and  founder  of  the  evolution  hypothe- 
sis.    Two  ideas  are  usually  associated 


with  his  name  and  memory.     It  is  be- 
lieved that  he  was  the  first  propounder 
of  the  theory  which  supposes  all  plant 
and  animal  forms  to  be  the  result,  not 
of  special  creation,  but  of  slow  modi- 
fication in  pre-existent  organisms.     It 
is   further  and  more  particularly  be- 
lieved that  he  was  the  first  propounder 
of  the  theory  which  supposes  the  de- 
scent of  man  to  be  traceable  from  a 
remote  and  more  or  less  monkey-like 
ancestor.     Now,  as  a  matter  of  fact, 
Darwin  was  not  the  prime  originator 
of  either  of  these  two  great  cardinal 
ideas.     Though  he  held  both  as  part 
of  his  organized  theory  of  things,  he 
was  not  by  any  means  the  first  or  the 
earliest   thinker   to   hold  them  or  to 
propound  them  publicly.     Though  he 
gained  for  them  both  a  far  wider  and 
more   general   acceptance    than  they 
had  ever  before  popularly  received,  he 
laid  no  sort  of  claim  himself  to  original- 
ity or  proprietorship  in  either  theory. 
The   grand  idea  which  he  did  really 
originate   was   not   the  idea  of  "  de- 
scent with  modification,"  but  the  idea 
of  "natural  selection,"  by  which  agen- 
cy,   as   he   was   the   first    to    prove, 
definite  kinds  of  plants  and  animals 
have  been  slowly  evolved  from  simpler 
forms,  with  definite  adaptations  to  the 
special  circumstances  by  which  they 
are  surrounded.      In  a  word,  it  was 
the  peculiar  glory  of  Charles  Darwin, 
not   to   have   suggested   that  all   the 
variety  of   animal  and  vegetable  life 
might   have   been  produced  by  slow 
modifications  in  one  or  more  original 
types,  but  to  have  shown  the  nature 
of  the  machinery  by  which  such  a  re- 
sult could  be  actually  attained  in  the 
practical    working     out     of     natural 
causes.     He  did  not  invent  the  devel- 
opment  theory,  but   he   made   it  be- 
lievable   and    comprehensible.      He 
was  not,  as  most  people  falsely  imag- 
ine, the    Moses   of   evolutionism,  the 
prime  mover  in  the  biological  revolu- 
tion ,  he  was  the  Joshua  who  led  the 
world   of   thinkers  and  workers  into 
full   fruition   of  that   promised    land 
which   earlier   investigators  had   but 
dimly  described  from  the  Pisgah-top 
of  conjectural  speculation. 
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5.  How  far   Darwin's  special  idea 
of    natural    selection    supplemented 
and    rendered    credible    the    earlier 
idea  of  descent  with  modification  we 
shall  see  more  fully  when  we  .come  to 
treat  of  the  inception  and  growth  of 
his  great  epoch-making  work,  "The 
Origin  of  Species  "  ;  for  the  present, 
it  must  suffice  to  point  out  that  in  the 
world  into  which   he   was  born,  the 
theory  of  evolution  already  existed  in 
a  more   or  less   shadowy  and  unde- 
veloped shape.     And  since  it  was  his 
task  in  life  to  raise  this  theory  from 
the   rank   of   a  mere   plausible    and 
happy  guess  to  the  rank  of  a  highly 
elaborate  and  almost  universally  ac- 
cepted   biological     system,   we    may 
pause    awhile    to    consider    on    the 
threshold  what  was  the  actual  state 
of  natural    science   at    the  moment 
when  the  great  directing  and  organ- 
izing intelligence  of  Charles  Darwin 
first  appeared. 

6.  From  time  immemorial,  in  mod- 
ern Christendom  at  least,  it  had  been 
the  general  opinion    of   learned  and 
simple   alike   that   every   species    of 
plant  or  animal  owed  its  present  form 
and  its  original  existence  to  a  distinct 
act   of    special   creation.     This  naif 
belief,  unsupported  as  it  was  by  any 
sort   of  internal   evidence,  was   sup- 
posed to  rest  directly  upon  the  ex- 
press authority  of  a  few  obscure  state- 
ments in  the  Book  of  Genesis.     The 
Creator,  it  was  held,  had  in  the  be- 
ginning formed  each  kind  after  a  par- 
ticular pattern,  had  endowed  it  with 
special  organs  devised  with  supreme 
wisdom  for  subserving  special  func- 
tions, and  had  bestowed  upon  it  the 
mystical  power    of    reproducing    its 
like  in  its  own  image  to  all  genera- 
tions.    No  variation   of    importance 
ever  occurred  within  the  types  thus 
constituted ;  all  plants   and    animals 
always  retained   their  special   forms 
unaltered  in  any  way  from  era  to  era. 
This  is  the  doctrine  of  the  fixity  and 
immutability  of  species,  almost  uni- 
versal in  the  civilized  world  up  to  the 
end  of  the  last  century. 

7.  Improbable  as  such  a  crude  idea 
now  seems  to  any  person  even  mod- 


erately acquainted  with  the  extraor- 
dinary variety  and  variability  of  living 
forms,  it  nevertheless  contained  noth- 
ing at  all  likely  to  contradict  the  or- 
dinary experience  of  the  everyday 
observer  in  the  last  century.  The 
handful  of  plants  and  animals  with 
which  he  was  personally  acquainted 
consisted  for  the  most  part  of  a  few 
large,  highly  advanced,  and  well- 
marked  forms,  not  in  the  least  liable 
to  be  mistaken  for  one  another  even  by 
the  most  hasty  and  casual  spectator. 
A  horse  can  immediately  be  discrimi- 
nated by  the  naked  eye  from  a  don- 
key, and  a  cow  from  a  sheep,  without 
risk  of  error  ;  nobody  is  likely  to  con- 
fuse wheat  with  barley,  or  to  hesitate 
between  classing  any  given  fruit  that 
is  laid  before  him  as  a  pear  or  an 
apple,  a  plum  or  a  nectarine.  Varia- 
bility seldom  comes  under  the  notice 
of  the  ordinary  passing  spectator  as  it 
does  under  that  of  the  prying  and 
curious  scientific  observer  ;  and  when 
it  comes  at  all,  as  in  the  case  of  dogs 
and  pigeons,  roses  and  hyacinths,  it 
is  no  doubt  set  down  carelessly  on  a 
superficial  view  as  a  mere  result  of 
human  selection  or  of  deliberate  mon 
grel  interbreeding.  To  the  eye  of 
the  average  man,  all  the  living  ob- 
jects ordinarily  perceived  in  external 
nature  fall  at  once  under  certain  fixed 
and  recognizable  kinds,  as  dogs  and 
horses,  elms  and  ashes,  whose  limits 
he  is  never  at  all  inclined  to  confound 
in  any  way  one  with  the  other. 

8.  Linnaeus,  the  great  father  of 
modern  scientific  biology,  had  frankly 
and  perhaps  unthinkingly  accepted 
this  current  and  almost  universal 
dogma  of  the  fixity  and  immutability 
of  species.  Indeed,  by  defining  a 
kind  as  a  group  of  plants  or  animals 
so  closely  resembling  one  another  as 
to  give  rise  to  the  belief  that  they 
might  all  be  descended  from  a  single 
ancestor  or  pair  of  ancestors,  he  im 
plicitly  gave  the  new  sanction  of  his 
weighty  authority  to  the  creation  hy 
pothesis,  and  to  the  prevalent  doc- 
trine of  the  unchangeability  of  organic 
forms.  To  Linnaeus,  the  species  in- 
to which  he  mapped  out  all  the  plants 
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and  animals  then  known,  appeared  as 
the  descendants  each  of  a  solitary 
progenitor  or  of  a  primitive  couple, 
called  into  existence  at  the  beginning 
of  all  things  by  the  direct  fiat  of  a  de- 
signing Creator.  He  saw  the  world 
of  organic  life  as  composed  of  so 
manv  well-demarkated  types,  each 
separate,  distinct,  and  immutable, 
each  capable  of  producing  its  like  ad 
infinitum,  and  each  unable  to  vary 
from  its  central  standard  in  any  of  its 
individuals,  except,  perhaps,  within 
very  narrow  and  unimportant  limits. 

9.  But   toward    the   close   of    the 
eighteenth  century,  side  by  side  with 
rhe  general  awakening  of  the  human 
intellect  and  the  arrival  of  a  new  era 
of  free  social  investigation,  which  cul- 
minated  in  a  fresh  order  of  things, 
there  was   developed  a  more    critical 
and  skeptical  attitude  in  the  world  of 
science,  which  soon  produced  a  nota- 
ble change  of  front  among  thinking 
naturalists  as  to  the  origin  and  mean- 
ing of  specific  distinctions. 

10.  Buffon  was  the  first  great   bio- 
logical   innovator   who   ventured,   in 
very  doubtful  and  tentative  language, 
to  suggest  the  possibility  of  the  rise 
of  species  from  one  another  by  slow 
modification  of  ancestral  forms.     Es- 
sentially a  popular   essayist,  writing 
in      the     volcanic     priest-suppressed 
France   of  the   ancien  regime,  during 
the  inconsistent  days  of  Louis  XV.  and 
Louis  XVI.,   when    it   was   uncertain 
whether  novel  and  heterodox  opinions 
would  bring  down  upon  their  author 
fame  and  reputation  or  the  Sorbonne 
and   the    Bastille,  Buffon  was  careful 
to  put  his  conjectural   conclusions  in 
a  studiously  guarded  and  often  even 
ironical  form.    But  time  after  time,  in 
his   great  discursive  work,    the  "  His- 
toire  Naturelle  "  (published  in  succes- 
sive volumes  between  1749  and  1788), 
;ie  recurs  anew  to  the  pregnant  sug- 
gestion that   plants  and  animals  may 
not  be  bound   by  fixed    and   immov- 
able limits  of  species,  but  may  free 
!y   vary    in    every   direction   from    a 
common   center,   so    that    one  kind 
may  gradually  and  slowly  be  evolved 
by  natural    causes   from    the    type  of 


another.  He  points  out  that,  under- 
lying all  external  diversities  of  char- 
acter and  shape,  fundamental  like- 
nesses of  type  occur  in  many  animals, 
which  irresistibly  suggest  the  novel 
notion  of  common  descent  from  a 
single  ancestor.  Thus  regarded,  he 
says,  not  only  the  ass  and  the  horse 
(to  take  a  particular  passage)  but 
even  man  himself,  the  monkeys,  the 
quadrupeds,  and  all  vertebrate  ani- 
mals, might  be  viewed  as  merely  form- 
ing divergent  branches  of  one  and  the 
same  great  family  tree.  Every  such 
family,  he  believed,  whethei  animal 
or  vegetable,  might  have  sprung  orig- 
inally from  a  single  stock,  which 
after  many  generations  had  here  de- 
veloped into  a  higher  form,  and  there 
degenerated  into  a  lower  and  less  per- 
fect type  of  organization.  Granting 
this — granting  that  nature  could  by 
slow  variation  produce  one  species  in 
the  course  of  direct  descent  from  an- 
other unlike  it  (for  example,  the  ass 
from  the  horse),  then,  Bufton  ob- 
served, there  was  no  further  limit  to 
be  set  to  her  powers  in  this  respect, 
and  we  might  reasonably  conclude 
that  from  a  single  primordial  being 
she  has  gradually  been  able  in  the 
course  of  time  to  develop  the  whole 
continuous  gamut  of  existing  animal 
and  vegetable  life.  To  be  sure, 
Buffon  always  saves  himself  from  cen- 
sure by  an  obvious  afterthought — 
"  But  no ;  it  is  certain  from  revela- 
tion that  every  species  was  directly 
created  by  a  separate  fiat."  This 
half-hearted  and  somewhat  subrisive 
denial,  however,  must  be  taken 
merely  as  a  concession  to  the  Sor- 
bonne and  to  the  fashionable  exe- 
gesis of  his  own  day ;  and  even  so, 
the  Sorbonne  was  too  much  in  the 
end  for  the  philosophic  thinker.  He 
had  once  in  his  life  at  least  to  make 
his  submission  and  demand  pardon 
from  the  offended  orthodoxy  of  the 
Paris  faculty. 

ii.  The  wave  of  thought  and  feel- 
ing, thus  apologetically  and  tentative- 
ly stirred  on  the  unruffled  pond  of 
eighteenth  century  opinion  by  the 
startling  plop  of  Buffon's  little  imooth- 
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cut  pebble,  soon  widened  out  on 
every  side  in  concentric  circles,  and 
affected  with  its  wash  the  entire 
world  of  biological  science  in  every 
country.  Before  the  close  of  the 
eighteenth  century  speculation  as  to 
the  origin  of  species  was  rife  in  all 
quarters  of  Europe.  In  France  itself, 
Geoffrey  St.  Hilaire,  constitutionally 
cautious  and  undecided,  but  wide  of 
view  and  free  from  prejudice,  came 
slowly  to  the  conclusion,  in  1795,  that 
all  species  are  really  derived  by  mod- 
ification from  one  or  more  primitive 
types.  In  Germany,  in  the  very  same 
year,  Goethe,  with  the  keen  vision  of 
the  poet  and  the  calm  eye  of  the 
philosopher  uniquely  combined,  dis- 
cerned independently  as  by  a  lightning 
flash  the  identical  idea  of  the  origin 
of  kinds  by  modification  of  pre-exist- 
ent  organisms.  "  We  may  assert 
without  hesitation,"  says  that  great 
nebulous  thinker  and  observer,  "  that 
all  the  more  perfect  organic  natures, 
such  as  fishes,  amphibians,  birds  and 
mammals,  with  man  at  their  head, 
were  formed  at  first  on  one  original 
type,  which  still  daily  changes  and 
modifies  its  form  by  propagation." 
In  England,  twelve  months  earlier, 
Dr.  Erasmus  Darwin,  Charles  Dar- 
win's grandfather  (of  whom  more 
anon),  published  his  "Zoonomia,"  a 
treatise  on  the  laws  of  animal  life,  in 
which  he  not  only  adopted  Buffon's 
theory  of  the  origin  of  species  by  evo- 
lution, but  also  laid  down  as  the 
chief  cause  of  such  development  the 
actions  and  needs  of  the  animals 
themselves.  According  to  Dr.  Eras- 
mus Darwin,  animals  came  to  vary 
from  one  another  chiefly  because 
they  were  always  altering  their  habits 
and  voluntarily  accommodating  them- 
selves to  new  actions  and  positions  in 
life.  His  work  produced  compara- 
tively little  effect  upon  the  world  at 
large  in  his  own  time,  but  it  had  im- 
mense influence  upon  the  next  great 
prophet  of  evolution,  Lamarck,  and 
through  Lamarck  on  Lyell,  Charles 
Darwin,  Herbert  Spencer,  and  the 
modern  school  of  evolutionists  gener 
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We  shall  consider  his  views  in 
greater  detail  when  we  pass  from  the 
spiritual  to  the  physical  antecedents 
of  Charles  Darwin. 

12.  It  was  in  1801  that  Lamarck  first 
gave  to  the  world  his  epoch-making 
speculations  and  suggestions  on  the 
origin  of  species ,  and  from  that  date 
to  the  day  of  his  death,  in  1831,  the 
unwearied  old  philosopher  continued 
to  devote  his  whole  time  and  energy, 
in  blindness  and  poverty,  to  the  elu- 
cidation of  this  interesting  and  impor- 
tant subject.  A  bold,  acute,  and  vig- 
orous thinker,  trained  in  the  great 
school  of  Diderot  and  D'Alembert, 
with  something  of  the  vivid  Celtic 
poetic  imagination,  and  a  fearless 
habit  of  forming  his  own  conclusions 
irrespective  of  common  or  precon- 
ceived ideas,  Lamarck  went  to  the 
very  root  of  the  matter  in  the  most 
determined  fashion,  and  openly  pro- 
claimed in  the  face  of  frowning  offi- 
cialism under  the  Napoleonic  reac- 
tion his  profound  conviction  that  all 
species,  including  man,  were  de- 
scended by  modification  from  one  or 
more  primordial  forms.  In  Charles 
Darwin's  own  words,  "  He  first  did 
the  eminent  service  of  arousing  atten- 
tion to  the  probability  of  all  change, 
in  the  organic  as  well  as  in  the  inor- 
ganic world,  being  the  result  of  law 
and  not  of  miraculous  interposition. 
Lamarck  seems  to  have  been  chief- 
ly led  to  his  conclusion  on  the 
gradual  change  of  species  by  the 
difficulty  of  distinguishing  species 
and  varieties,  by  the  almost  perfect 
gradation  of  forms  in  certain  groups, 
and  by  the  analogy  of  domestic  pro- 
ductions. With  respect  to  the  means 
of  modification,  he  attributed  some- 
thing to  the  direct  action  of  the  physi- 
cal conditions  of  life,  something  to  the 
crossing  of  already  existing  forms, 
and  much  to  use  and  disuse,  that  is 
to  the  effects  of  habit.  To  this  lat- 
ter agency  he  seems  to  attribute  all 
the  beautiful  adaptations  in  nature — 
such  as  the  long  neck  of  the  giraffe  for 
browsing  on  the  branches  of  trees." 
He  believed,  in  short,  that  animals 
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had  largely  developed  themselves,  by 
functional  effort  followed  oy  increased 
powers  and  abilities. 

13.  Lamarck's  great  work,  the 
"  Philosophie  Zoologique,"  though 
opposed  by  the  austere  and  formal 
genius  of  the  immortal  Cuvier — a 
reactionary  biological  conservative 
and  obscurantist,  equal  to  the  enor- 
mous task  of  mapping  out  piecemeal 
with  infinite  skill  and  power  the  sepa- 
rate provinces  of  his  chosen  science, 
but  incapable  of  taking  in  all  the 
beanngs  of  the  whole  field  at  a  single 
vivi.i  and  comprehensive  sweep — La- 
maick's  great  work  produced  a  deep 
and  lasting  impression  upon  the  en- 
tire subsequent  course  of  evolutionary 
thought  in  scientific  Europe.  True, 
o\vmg  to  the  retrograde  tendencies  of 
the  First  Empire,  it  caused  but  little  im- 
mediate stir  at  the  precise  moment  of 
its  first  publication  ;  but  the  seed  it 
sowed  sank  deep,  and,  lying  fallow 
long  in  men's  minds,  bore  fruit  at  last 
in  the  next  generation  with  the  marvel- 
ous fecundity  of  the  germs  of  genius. 
Indeed,  from  the  very  beginning  of 
the  present  century,  a  ferment  of  in- 
quiry on  the  subject  of  creation  and 
evolution  was  everywhere  obvious 
among  speculative  thinkers.  The 
profound  interest  which  Goethe  took 
in  the  dispute  on  this  very  subject  in 
the  French  Academic  des  Sciences 
between  Cuvier  and  Geoffrey  St.  Hil- 
aire,  amid  the  thundering  guns  of  a 
threatened  European  convulsion,  was 
but  a  solitary  symptom  of  the  general 
stir  which  preceded  the  gestation  and 
birth  of  the  Darwinian  hypothesis. 
It  is  impossible  to  take  up  any  sci- 
entific memoirs  or  treatises  of  the 
first  half  of  our  own  century  without 
seeing  at  a  glance  how  every  mind  of 
high  original  scientific  importance 
was  permeated  and  disturbed  by  the  ! 
fundamental  questions  aroused,  but 
not  fully  answered,  by  Buffon,  La- 
marck, and  Erasmus  Darwin.  In 
Lyell's  letters  and  in  Agassiz's  lect- 
ures, in  the  "  Botanic  Journal  "  and 
the  "  Philosophical  Transactions,  "  in 
treatises  on  Madeira  beetles  and 
the  Australian  flora,  we  find  every- 


where the  thoughts  of  men  profound- 
ly influenced  in  a  thousand  directions 
by  this  universal  evolutionary  solvent 
and  leaven. 

14.  And  while  the  world  of  thought 
was  thus  seething  and  moving  rest- 
lessly before  the  wave  of  ideas  set  in 
motion  by  these  various  independent 
philosophers,  another  group  of  causes 
in  another  field  was  rendering  smooth 
the    path   beforehand   for  the  future 
champion  of  the  amended  evolution- 
ism.    Geology  on  the  one  hand  and 
astronomy  on  the  other  were  making 
men's  minds  gradually  familiar  with 
the  conception  of  slow  natural  devel- 
opment, as  opposed  to  immediate  and 
miraculous  creation. 

15.  The  rise  of  geology  had  been 
rapid  and  brilliant.     In  the  last  cent- 
ury it   had  been   almost   universally 
believed  that  fossil   organisms   were 
the  relics  of  submerged  and  destroyed 
worlds,  strange  remnants  of  succes- 
sive  terrible   mundane   catastrophes. 
Cuvier    himself,    who   had    rendered 
immense  services  to  geological  science 
by  his  almost  unerring  reconstructions 
of  extinct  animals,  remained  a  parti- 
san of  the  old  theory  of  constant  cata- 
clysms and  fresh  creations  throughout 
his  whole  life ;  but  Lamarck,  here  as 
elsewhere  the  prophet  of  the  modern 
uniformitarian  concept  of  nature,  had 
already   announced    his    grand    idea 
that  the  ordinary  process  of  natural 
laws  sufficed  to  account  for  all   the 
phenomena  of  the  earth's  crust.     In 
England,  William  Smith,   the   ingen- 
ious  land   surveyor,   riding    up    and 
down  on  his  daily  task  over  the  face 
of  the  country,  became  convinced  by 
his  observations  in  the  first  years  of 
the  present  century  that  a  fixed  order 
of    sequence    could    everywhere    be 
traced  among  the  various  superincum- 
bent geological  strata.     Modern  sci- 
entific geology  takes  its  rise  from  the 
moment  of  this  luminous  and  luminif- 
erous   discovery.       With  astonishing 
rapidity  the  sequence  of  strata  was 
everywhere  noted,  and  the  succession 
of  characteristic  fossils  mapped  out, 
with  the   result  of  showing,  however 
imperfectly  at  first,  that  the  history  of 
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organic  life  upon  the  globe  had  fol-   alternative  notion  of  slow  and  natural 


lowed  a  slow  and  regular  course  of 
constant  development.  Immediately 
whole  schools  of  eager  workers  em- 
ployed themselves  in  investigating  in 
separate  detail  the  phenomena  of 
these  successive  stages  of  unfolding 
life.  Murchison,  fresh  from  the  Pen- 
insular campaign,  began  to  study  the 
dawn  of  organic  history  in  the  gloom 
of  the  Silurian  and  Cambrian  epochs. 
A  group  of  less  articulate  but  not  less 
active  workers  like  Buckland  and 
Mantell  performed  similar  services  for 
the  carboniferous,  the  wealden,  and 
the  tertiary  deposits.  Sedgwick  en- 
deavored to  co-ordinate  the  whole 
range  of  then  known  facts  into  a 
single  wide  and  comprehensive  survey. 
De  La  Beche,  Phillipps,  and  Agassiz 
added  their  share  to  the  great  work  of 
reconstruction.  Last  of  all,  among 
those  who  were  contemporary  and  all 
but  coeval  with  Charles  Darwin  him- 
self, Lyell  boldly  fought  out  the  battle 
of  "uniformitarianism,"  proving,  with 
all  the  accumulated  weight  of  his 
encyclopedic  and  world-wide  knowl- 
edge, that  every  known  feature  of 
geological  development  could  be 
traced  to  the  agency  of  causes  now  in 
action,  and  illustrated  by  means  of 
slow  secular  changes  still  actually 
taking  place  on  earth  before  our  very 
eyes. 

1 6.  The  influence  of  these  novel 
conceptions  upon  the  growth  and 
spread  of  evolutionary  ideas  was  far- 
reaching  and  twofold.  In  the  first 
place,  the  discovery  of  a  definite  suc- 
cession of  nearly  related  organic 
forms,  following  one  another  with 
evident  closeness  through  the  various 
ages,  inevitably  suggested  to  every 
inquiring  observer  the  possibility  of 
their  direct  descent  one  from  the 
other.  In  the  second  place,  the  dis- 
covery that  geological  formations 
were  not  really  separated  each  from 
its  predecessor  by  violent  revolutions, 
but  were  the  result  of  gradual  and 
ordinary  changes,  discredited  the  old 
idea  of  frequent  fresh  creations  after 
each  catastrophe,  and  familiarized  the 
minds  of  men  of  science  with  the 


evolutionary  processes.  The  past 
was  seen  to  be  in  effect  the  parent  of 
the  present ;  the  present  was  recog- 
nized as  the  child  of  the  past. 

17.  Current    astronomical    theories 
also  pointed   inevitably  in  the   same 


direction.       Kant, 
inent    fame    as    a 


whose     superem- 
philosopher    has 


almost  overshadowed  his  just  claims 
as  a  profound  thinker  in  physical 
science,  had  already  in  the  third  quar- 
ter of  the  eighteenth  century  arrived 
at  his  sublime  nebular  hypothesis,  in 
which  he  suggested  the  possible  de- 
velopment of  stars,  suns,  planets,  and 
satellites  by  the  slow  contraction  of 
very  diffuse  and  incandescent  haze- 
clouds.  This  magnificent  cosmical 
conception  was  seized  and  adapted  by 
the  genius  of  Laplace  in  his  celestial 
system,  and  made  familiar  through 
his  great  work  to  thinking  minds 
throughout  the  whole  of  Europe.  In 
England  it  was  further  modified  and 
remodeled  by  Sir  William  Herschel, 
whose  period  of  active  investigation 
coincided  in  part  with  Charles  Dar- 
win's early  boyhood.  The  bearings 
of  the  nebular  hypothesis  upon  the 
rise  of  Darwinian  evolutionism  are  by 
no  means  remote  :  the  entire  modern 
scientific  movement  forms,  in  fact,  a 
single  great  organic  whole,  of  which 
the  special  doctrine  of  biological 
development  is  but  a  small  separate 
integral  part.  All  the  theories  and 
doctrines  which  go  to  make  it  up  dis- 
play the  one  common  trait  that  they 
reject  the  idea  of  direct  creative  inter- 
position from  without,  and  attribute 
the  entire  existing  order  of  nature  to 
the  regular  unfolding  of  one  undeviat- 
ing  continuous  law. 

18.  Yet  another  factor  in  the  intel- 
lectual stir  and  bustle  of  the  time 
must  needs  be  mentioned  even  in  so 
short  and  cursory  a  sketch  as  this  of 
the  causes  which  led  to  the  Darwinian 
crisis.  In  1798,  Thomas  Malthus,  a 
clergyman  of  the  Church  of  England, 
published  the  first  edition  of  his 
famous  and  much-debated  "  Essay  on 
the  Principle  of  Population.''  Mal- 
thus was  the  first  person  who  ever 
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called  public  attention  to  the  tendency  !  thinking  mind  in  the  world  of  science, 
of  population  to  increase   up  to  the   elder  and  younger,  was  deeply  engaged 
utmost  limit  of  subsistence,  as  well  as 
to  the  necessary  influence  of  starva- 
tion  in  checking  its  further  develop- 
ment beyond  that  point.     Though  his 
essay  dealt  only  with  the  question  of 
reproduction  in    human    societies,    it 
was  clear  that  it  possessed  innumer- 


able analogies  in  every  domain  of 
animal  and  vegetable  life.  The  book 
ran  through  many  successive  editions 
with  extraordinary  rapidity  for  a  work 
of  its  class,  it  was  fiercely  attacked 
and  bravely  defended,  it  caused  an 
immense  amount  of  discussion  and 
debate,  and  besides  its  marvelous 
direct  influence  as  a  germinal  power 
upon  the  whole  subsequent  course  of 
politico-economical  and  sociological 
thought,  it  produced  also  a  remark- 
able indirect  influence  on  the  side 
current  of  biological  and  speculative 
opinion.  In  particular,  as  we  shall 
more  fully  see  hereafter,  it  had  an 
immediate  effect  in  suggesting  to  the 
mind  of  the  great  naturalist  who 
forms  our  present  subject  the  embryo 
idea  of  "  natural  selection." 

19.  Such,  then,  was  the  intellectual 
and  social  world  into  which,  early  in 
the  present  century,  Charles  Darwin 
round  himself  born.  Everywhere 
around  him  in  his  childhood  and 
youth  these  great  but  formless  evo- 
lutionary ideas  were  brewing  and 
fermenting.  The  scientific  society  of 
his  elders  and  of  the  contemporaries 
among  whom  he  grew  up  was  per- 
meated with  the  leaven  of  Laplace 
and  of  Lamarck,  of  Hutton  and  of 
Herschel.  Inquiry  was  especially 
everywhere  rife  as  to  the  origin  and 
nature  of  specific  distinctions  among 
plants  and  animals.  Those  who  be- 
lieved in  the  doctrine  of  Buffon  and 
of  the  "  Zoonomia  "  and  those  who 
disbelieved  in  it,  alike,  were  profound- 
ly interested  and  agitated  in  soul  by 
the  far-reaching  implications  of  that 
fundamental  problem.  On  every  side 
evolutionism,  in  its  crude  form,  was 
already  in  the  air.  Long  before 
Charles  Darwin  himself  published  his 
conclusive  "  Origin  of  Species,"  every 


upon  the  self-same  problem.  Lyell 
and  Homer  in  alternate  fits  were 
doubting  and  debating.  Herbert 
Spencer  had  already  frankly  accepted 
the  new  idea  with  the  profound  con 
viction  of  a  priori  reasoning.  Agassiz 
was  hesitating  and  raising  difficulties. 


Treviranus  was  ardently  proclaiming 
his  unflinching  adhesion.      Oken  was 
spinning    in    metaphysical    Germany 
his  fanciful  parodies  of  the  Lamarck 
ian  hypothesis.     Among   the   depths 
of  Brazilian  forests  Bates  was  reading 
the  story  of  evolution  on   the  gauze- 
like    wings     of    tropical     butterflies. 
Under  the  scanty  sh:ide  of  Malayan 
palm-trees  Wallace  was  independently 
spelling  out  in  rude  outline  the  very 
theory  of  survival  of  the  fittest,  which 
Charles  Darwin  himself  was  simultane- 
ously perfecting  and  polishing  among 
the   memoirs  and  pamphlets    of    his 
English  study.     Wollaston  in  Madeira 
was  pointing  out  the   strange  adapta 
tions  of  the  curious  local  snails  and 
beetles.     Von  Buch  in  the  Canaries 
was  coming  to  the  conclusion  that  va 
rieties   may  be   slowly   changed  into 
permanent  species.     Lecoq  and  Von 
Baer  were  gradually  arriving,  one  by 
the  botanical  route,  the  other  by  the 
embryological,  at  the  same   opinion. 
Before  Charles    Darwin  was  twenty, 
Dean  Herbert  had  declared  from  the 
profound  depth   of   his   horticultural 
knowledge  that  kinds  were  only  mere 
fixed  sports  ;  and  Patrick  Matthew,  in 
the  appendix   to   a  work  on  "  Naval 
Timber,"  had  casually  developed,  with- 
out perceiving  its  importance,  the  act- 
ual distinctive  Darwinian  doctrine  of 
natural  selection.     Robert  Chambers 
published   in    1844  his  "Vestiges  of 
Creation,"  in  which  Lamarck's  theory 
was  impressed  and  popularized  under 
a    somewhat     spoilt     and    mistaken 
form  :  it  was   not   till    1859  that  the 
first   edition  of  the  "  Origin  of  Spe- 
cies "  burst  like  a  thunderbolt  upon 
the   astonished  world   of  unprepared 
and  unscientific  thinkers. 

20.  This  general  attitude  of  interest 
and  inquiry  is  of  deep  importance  to 
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the  proper  comprehension  of  Charles 
Darwin's  life  and  work,  and  that  for 
two  distinct  reasons.  In  the  first 
place,  the  universal  stir  and  deep  pry- 
ing into  evolutionary  Questions  which 
everywhere  existed  among  scientific 
men  in  his  early  days  was  naturally 
communicated  to  a  lad  born  of 
scientific  family,  and  inheriting  di- 
rectly in  blood  and  bone  the  biolog- 
ical tastes  and  tendencies  of  Eras- 
mus Darwin.  In  the  second  place, 
the  existence  of  such  a  deep  and 
widespread  curiosity  as  to  ultimate 
origins,  and  the  common  preva- 
lence of  profound  uniformitarian  and 
evolutionary  views  among  philoso- 
phers and  thinkers,  made  the  accept- 
ance of  Charles  Darwin's  particular 
theory,  when  it  at  last  arrived,  a  com- 
paratively easy  and  certain  matter, 
because  by  it  the  course  of  organic 
development  was  assimilated,  on  the 
credible  grounds,  to  the  course  of 
all  other  development  in  general,  as 
then  already  widely  recognized.  The 
first  consideration  helps  us  to  ac- 
count in  part  for  the  man  himself  ; 
the  second  consideration  helps  us 
even  more  to  account  for  the  great 
work  which  he  was  enabled  in  the 
end  so  successfully  to  accomplish. 


CHAPTER  II. 


CHARLES 


DARWIN    AND 
DENTS. 


HIS    ANTECE- 


21.  FROM   the   environment  let  us 
turn  to  the  individual ;  from  the  world 
in  which  the  man  moved  to  the  man 
who   moved  in   it,  and  was   in   time 
destined  to  move  it. 

Who  was  he,  and  whence  did  he  de- 
rive his  exceptional  energy  and  intel- 
lectual panoply? 

22.  Erasmus    Darwin,  the    grand- 
father, the  first  of  the  line  in  whom 
the  distinctive  Darwinian  strain  of  in- 
tellect  overtly   displayed    itself,  was 
the  son  of  one  Robert  Darwin,  a  gen- 
tleman of  Nottinghamshire,  "  a  person 
of  curiosity,"  with  "  a  taste  for  litera- 


ture and  science  " ;  so  that  for  four 
generations  at  least,  in  the  paternal 
line,  the  peculiar  talents  of  the  Darwin 
family  had  been  highly  cultivated 
in  either  direction.  Robert  Darwin 
was  an  early  member  of  the  Spalding 
Club,  a  friend  of  Stukeley  the  anti- 
quary, and  an  embryo  geologist,  after 
the  fantastic,  half-superstitious  fashion 
of  his  own  time.  Of  his  four  sons,  both 
Robert,  the  eldest,  and  Erasmus,  the 
youngest,  were  authors  and  botanists. 
Erasmus  himself  was  a  Cambridge 
man,  and  his  natural  bent  of  mind 
and  energy  ied  him  irresistibly  on  to 
the  study  of  medicine.  Taking  his 
medical  degree  at  his  own  university, 
and  afterward  preparing  for  practice 
by  attending  Hunter's  lectures  in 
London,  besides  going  through  the 
regular  medical  course  at  Edinburgh, 
the  young  doctor  finally  settled  down 
as  a  physician  at  Nottingham,  whence 
shortly  afterward  he  removed  to  Lich- 
field,  then  the  center  of  a  famous  lit- 
erary coterie.  So  large  a  part  of 
Charles  Darwin's  remarkable  idiosyn- 
crasy was  derived  by  heredity  from 
his  paternal  grandfather,  that  it  may 
be  worth  while  to  dwell  a  little  here, 
in  passing,  on  the  character  and  career 
of  this  brilliant  precursor  of  the  great 
evolutionist.  Both  in  the  physical 
and  in  the  spiritual  sense,  Erasmus 
Darwin  was  one  among  the  truest  and 
most  genuine  ancestors  of  his  grand- 
son Charles. 

23.  A  powerful,  robust,  athletic 
man,  in  florid  health  and  of  temperate 
tiabits,  yet  with  the  full-blooded  tend- 
ency of  the  eighteenth  century  viv- 
idly displayed  in  his  ample  face  and 
broad  features,  Erasmus  Darwin  bub- 
bled over  with  in<  i  ressible  vivacity, 
the  outward  and  visible  sign  of  that 
overflowing  energy  which  forms 
everywhere  one  of  the  most  marked 
determining  conditions  of  high  genius. 
Strong  in  body  and  strong  in  mind, 

teetotaler  before  teetotalism,  an 
abolitionist  before  the  anti-slavery 
movement,  he  had  a  great  contempt 
"or  weaknesses  and  prejudices  of 
every  sort,  and  he  rose  far  superior  to 
the  age  in  which  he  lived  in  breadth 
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of  view  and  freedom  from  preconcep- 
tions. The  eighteenth  century  con- 
sidered him,  in  its  cautious,  cut-and- 
dried  fashion,  a  man  of  singular 
talent  but  of  remarkably  eccentric 
and  unsafe  opinions.  Unfortunately 
for  his  lasting  fame,  Dr.  Darwin  was 
much  given  to  writing  poetry ;  and 
this  poetry,  though  as  ingenious  as 
everything  else  he  did,  had  a  certain 
false  gallop  of  verse  about  it  which 
has  doomed  it  to  become  since  Can- 
ning's parody  a  sort  of  warning  bea- 
con against  the  worst  faults  of  the 
post-Augustan  decadence  in  the  ten- 
syllabled  meter.  Nobody  now  reads 
the  "  Botanic  Garden  "  except  either 
to  laugh  at  its  exquisite  extrava- 
gances, or  to  wonder  at  the  queer 
tinsel  glitter  of  its  occasional  clever 
rhetorical  rhapsodies. 

24.  But  in  his  alternative  character 
of  philosophic  biologist,  rejected  by 
the  age  which  swallowed  his  poetry 
all  applausive,  Erasmus  Darwin  is 
well  worthy  of  the  highest  and  deep- 
est respect,  as  a  prime  founder  and 
early  prophet  of  the  evolutionary 
system.  His  "Zoonomia,"  "which, 
though  ingenious,  is  built  upon  the 
most  absurd  hypothesis" — as  men 
still  said  only  thirty  years  ago — con- 
tains in  the  germ  the  whole  theory  of 
organic  development  as  understood 
up  to  the  very  moment  of  the  publica- 
tion of  the  "  Origin  of  Species."  In  it 
Dr.  Darwin  calls  attention  to  "  the 
great  changes  introduced  into  various 
animals  by  artificial  or  accidental  culti- 
vation," a  subject  afterward  fully 
elucidated  by  his  greater  grandson  in 
his  work  on  "  The  Variation  of 
Animals  and  Plants  under  Domestica- 
tion." He  specially  notes  "  the  im- 
mense changes  of  shape  and  color  " 
produced  by  man  in  rabbits  and  pig- 
eons, the  very  species  on  which 
Charles  Darwin  subsequently  made 
some  of  his  most  remarkable  and 
interesting  observations.  More  than 
any  previous  writer,  Erasmus  Dar\in, 
with  "prophetic  sagacity,"  insisted 
strongly  on  the  essential  unity  of 
parent  and  offspring — a  truth  which 
lies  at  the  very  base  of  all  modern 


philosophical  biology.  "  Owing  to 
the  imperfection  of  language,"  wrote 
!  the  Lichfield  doctor  nearly  a  hundred 
j  years  ago,  "  the  offspring  is  termed  a 
new  animal,  but  is  in  truth  a  branch 
or  elongation  of  the  parent,  since  a 
part  of  the  embryon-animal  is  or  was 
a  part  of  the  parent,  and  therefore 
may  retain  some  of  the  habits  of  the 
parent  system."  He  laid  peculiar 
stress  upon  the  hereditary  nature  of 
some  acquired  properties,  such  as  the 
muscles  of  dancers  or  jugglers,  and 
the  diseases  incidental  to  special 
occupations.  Nay,  he  even  antici- 
pated his  great  descendant  in  point- 
ing out  that  varieties  are  often  pro- 
duced at  first  as  mere  "  sports  "  or 
accidental  variations,  as  in  the  case  of 
six-fingered  men,  five-clawed  fowls,  or 
extra-toed  cats,  and  are  afterward 
handed  down  by  heredity  to  succeed- 
ing generations.  Charles  Darwin 
would  have  added  that  if  these  new 
stray  peculiarities  happened  to  prove 
advantageous  to  the  species  they 
would  be  naturally  favored  in  the 
struggle  for  existence,  while  if  they 
proved  disadvantageous,  or  even  neu- 
tral, they  would  die  out  at  once  or  be 
bred  out  in  the  course  of  a  few 
crosses.  That  last  truth  of  natural 
selection  was  the  only  cardinal  one 
in  the  evolutionary  system  on  which 
Erasmus  Darwin  did  not  actually 
forestall  his  more  famous  and  greater 
namesake.  For  its  full  perception, 
the  discovery  of  Malthus  had  to  be 
collated  with  the  speculations  of  Buf- 
fon. 

25.  "When  we  revolve  in  our 
minds,"  says  the  eighteenth  century 
prophet  of  evolution,  "  the  great  sim- 
ilarity of  structure  which  obtains  in 
all  the  warm-blooded  animals,  as  well 
quadrupeds,  birds  and  amphibious  ani- 
mals, as  in  mankind  ;  from  the  mouse 
and -bat  to  the  elephant  and  whale; 
one  is  led  to  conclude  that  they  have 
alike  been  produced  from  a  similar 
living  filament.  In  some  this  fila- 
ment in  its  advance  to  maturity  has 
acquired  hands  and  fingers  with  a 
fine  sense  of  touch,  as  in  mankind. 
In  others  it  has  acquired  claws  or 
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talons,  as  in  tigers  and  eagles.  In 
others,  toes  with  an  intervening  web 
or  membrane,  as  in  seals  and  geese. 
In  others  it  has  acquired  cloven  hoofs, 
as  in  cows  and  swine;  and  whole 
hoofs  in  others,  as  in  the  horse  : 
while  in  the  bird  kind  this  original 
living  filament  has  put  forth  wings  in- 
stead of  arms  or  legs,  and  feathers 
instead  of  hair."  This  is  a  very  crude 
form  of  evolutionism  indeed,  but  it  is 
leading  up  by  gradual  stages  to  the 
finished  and  all-sided  philosophy  of 
physical  life,  which  at  last  definitely 
formulates  itself  through  the  mouth 
of  Charles  Darwin.  We  shall  see 
hereafter  wherein  Erasmus  Darwin's 
conception  of  development  chiefly 
failed — in  attributing  evolution  for  the 
most  part  to  the  exertions  and  endeav- 
ors of  the  animal  itself,  rather  than 
to  inevitable  survival  of  the  fittest 
among  innumerable  spontaneous  va- 
riations— but  we  must  at  least  con- 
clude our  glimpse  of  his  pregnant 
and  suggestive  work  by  quoting  its 
great  fundamental  aperfu : —  "  As 
the  earth  and  ocean  were  probably 
peopled  with  vegetable  productions 
Jong  before  the  existence  of  animals, 
and  many  families  of  these  animals 
long  before  other  families  of  them, 
shall  we  conjecture  that  one  and  the 
same  kind  of  living  filament  is  and 
has  been  the  cause  of  all  organic 
life  ?  " 

26.  A  few  lines  from  the  "  Temple 
of  Nature,"  one  of  Erasmus  Darwin's 
poetic  rhapsodies,  containing  his  fully 
matured  views  on  the  origin  of  living 
creatures,  may  be  worth  reproduction 
in  further  elucidation  of  his  philo- 
sophical position  : — 


'Organic  life  beneath  the  shoreless  waves 
Was  born,  and  nursed    in  ocean's  pearly 

caves ; 

First  forms  minute,  unseen  by  spheric  glass, 
Move  on   the   mud,  or  pierce   the  watery 

mass ; 

These,  as  successive  generations  bloom, 
New  powers  acquire,  and  larger  limbs  as- 
sume; 
Whence    countless  groups  of    vegetation 

spring, 

And  breathing  realms  of  fin  jusd  feet  and 
wing." 


Have  we  not  here  the  very  beginnings 
of  Charles  Darwin  ?  Do  we  not  see, 
in  these  profound  and  fundamental 
suggestions,  not  merely  hints  as  to 
the  evolution  of  evolution,  but  also  as 
to  the  evolution  of  the  evolutionist  ? 

27.  On     the    other    hand,    though 
Erasmus  Darwin  defined  a  fool  to  his 
friend    Edgeworth   as    "  a  man    who 
never  tried  an  experiment  in  his  life," 
he  was  wanting  himself  in  the  rigor- 
ous and  patient  inductive  habit  which 
so  strikingly  distinguished  his  grand- 
son Charles.     That  trait,  as  we  shall 
presently  see,  the  biological  chief  of 
the  nineteenth  century  derived  in  all 
probability  from   another  root  of  his 
genealogical  tree.     Erasmus  Darwin 
gave  us  brilliant   suggestions   rather 
than  cumulative  proof  :  he  apologized 
in  his  "  Zoonomia  "  for  "  many  conject 
ures  not  supported  by  accurate  inves- 
tigation or   conclusive  experiments.'' 
Such   an   apology  would    have    been 
simply  impossible  to  the  painstaking 
spirit  of  his  grandson  Charles. 

28.  Erasmus    Darwin    was    twice 
married.      His  first  wife  was  Mary, 
daughter  of  Mr.  Charles  Howard,  of 
Lichfield,  and  it  was  her  son,  Robert 
Waring    Darwin,   who    became    the 
father   of   our  hero,    Charles.     It   is 
fashionable  to  say,  in  this  and  sundry 
other    like    cases,   that     the   mental 
energy  skips  a  generation.      People 
have  said  so  in  the  case  of  that  inter- 
mediate Mendelssohn  who  was  son  of 
Moses  Mendelssohn,  the  philosopher. 
and  father  of  Felix  Bartholdy  Mendels- 
sohn, the  composer — that  mere   link 
in  a  marvelous  chain   who  was  won' 
to  observe  of  himself  in  the  decline  o< 
life,  that  in  his   youth  he  was  called 
the  son    of   the   great  Mendelssohn, 
and  in  his  old  age  the  father  of  the 
great  Mendelssohn.      As  a  matter  of 
fact,   one   may  fairly  doubt  whether 
such  a  case  of  actual  skipping  is  ever 
possible  in  the  nature  of  things.     In 
the    particular    instance    of     Robert 
Waring  Darwin   at  least,  we  may  be 
pretty  sure  that  the  distinctive  Dar- 
winian strain  of    genius  lay  merely 
latent  rather  than   dormant :  that  it 
did  not  display  itself  to  the  world  at 
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large,  but  that  it  persisted  silently  as 
powerful  as  ever  within  the  remote 
recesses  of  the  thinking  organism. 
Not  every  man  brings  out  before  men 
all  that  is  within  him.  Robert  War- 
ing Darwin  was  a  physician  at  Shrews- 
bury ;  and  he  attained  at  least  suffi- 
cient scientific  eminence  in  his  own 
time  to  become  a  Fellow  of  the  Royal 
Society,  in  days  when  that  honor  was 
certainly  not  readily  conferred  upon 
country  doctors  of  modest  reputation. 
Charles  Darwin  says  of  him  plainly, 
"  He  was  incomparably  the  most  acute 
observer  whom  I  ever  knew."  It  may 
well  have  been  that  Robert  Darwin 
lived  and  died,  as  his  famous  son 
lived  for  fifty  years  of  his  great  life, 
in  comparative  silence  and  learned 
retirement ;  for  we  must  never  forget 
that  if  Charles  Darwin  had  only  com- 
pleted the  first  half  century  of  his 
laborious  existence,  he  would  have 
been  remembered  merely  as  the 
author  of  an  entertaining  work  on  the 
voyage  of  the  "  Beagle,"  a  plausible 
theory  of  coral  islands,  and  a  learned 
monograph  on  the  fossil  barnacles. 
During  all  those  years,  in  fact,  he  had 
really  done  little  else  than  collect 
material  for  the  work  of  his  lifetime. 
If  we  judge  men  by  outward  perform- 
ance only,  we  may  often  be  greatly 
mistaken  in  our  estimates :  potentiality 
is  wider  than  actuality ;  what  a  man 
does  is  never  a  certain  or  extreme 
criterion  of  what  he  can  do. 

29.  The  Darwins,  indeed,  were  all 
a  mighty  folk,  of  varied  powers  and 
varied  attainments.  Erasmus's 
brother,  Robert,  was  the  author  of  a 
work  on  botany,  which  long  enjoyed 
a  respectable  repute.  Of  his  sons, 
one,  Sir  Francis  Darwin,  was  noted 
as  a  keen  observer  of  animals ;  a 
second,  Charles,  who  died  at  twenty- 
one,  was  already  the  author  of  a  very 
valuable  medical  essay ;  while  the 
third,  Robert,  was  the  Shrewsbury 
F.R.S.,  the  father  of  our  great  evolu- 
tionary thinker.  And  among  Charles 
Darwin's  own  cousins,  one  is  Mr. 
Hensleigh  Wedgwood,  the  philolo- 
gist ;  a  second  was  the  late  Sir  Henry 
Holland ;  and  a  third  is  Mr.  Francis 
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Galton,  the  author  of  that  essentially 
Darwinian  book,  "  Hereditary  Gen- 
ius." 

30.  Robert  Waring  Darwin  took  to 
himself    a  wife    from    another  very 
great  and  eminent  family.     He  mar- 
ried Susannah  Wedgwood,  daughter 
of  Josiah  Wedgwood,  the  famous  pot- 
ter; and  from  these  two  silent  repre- 
sentatives of  powerful  stocks,  Charles 
Robert  Darwin,  the  father  of  modern 
evolutionary    biology,   was    born    at 
Shrewsbury,   on  February  the    i2th, 
1809.     That  Wedgwood  connection, 
again,  is  no  mere  casual  or  unimpor- 
tant incident  in  the  previous  life-his- 
tory of  the  Darwinian  originality;  it 
throws  a  separate  clear  light   of  its 
own  upon  the  peculiar  and  admirably 
compounded  idiosyncrasy  of  Charles 
Darwin. 

31.  A  man,  indeed,   owes  on  the 
average  quite  as  much  to  his  mother's 
as  to  his  father's  family.     It  is  a  mere 
unscientific  old-world  prejudice  which 
makes  us  for  the  most  part  count  an- 
cestry in  the  direct  ascending  male 
line  alone,  to  the  complete  neglect  of 
the  equally  important  maternal  pedi- 
gree.    From  the  biological  point  of 
view,  at  least,  every  individual  is  a 
highly  complex  compound  of  heredi- 
tary   elements,  a  resultant  of  numer- 
ous   converging    forces,    a    meeting 
place  of  two  great  streams  of  inherit- 
ance, each  of  which  is  itself  similarly 
made  up  by  the  like  confluence  of  in- 
numerable distinct   prior  tributaries. 
Between  these  two  it  is  almost  impos- 
sible for  us  accurately  to  distribute 
any  given  individuality.     How  much 
Charles  Darwin  owed  to  the  Darwins, 
and  how  much  he  owed  in  turn  to  the 
Wedgwoods,  no  man  is  yet  psycholo- 
gist enough  or  physiologist  enough  to 
say.     But  that  he  owed  a  great  deal 
to  either  strong  and  vigorous  strain 
we.  may  even  now  quite  safely  take 
for  granted. 

32.  The   Wedgwood    family  were 
"  throwers  "  by   handicraft,   superior 
artisans  long  settled  at  Burslem,  in 
the  Staffordshire   potteries.      Josiah, 
the    youngest    of   thirteen    children, 
lamed    by  illness  in  early   life,   was 
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turned  by  this  happy  accident  from 
his  primitive  task  as  a  "thrower'  to 
the  more  artistic  and  original  work  of 
producing  ornamental  colored  earthen- 
ware. Skillful  and  indefatigable,  of 
indomitable  energy  and  with  great 
powers  of  forcing  his  way  in  life 
against  all  obstacles,  young  Wedg- 
wood rose  rapidly  by  his  own  unaided 
exertions  to  be  a  master  potter,  and  a 
manufacturer  of  the  famous  unglazed 
black  porcelain.  Those  were  the 
darkest  days  of  industrial  art  and 
decorative  handicraft  in  modern  Eng- 
land. Josiah  Wedgwood,  by  his 
marked  originality  and  force  of  char- 
acter, succeeded  in  turning  the  cur- 
rent of  national  taste,  and  creating 
among  us  a  new  and  distinctly  higher 
type  of  artistic  workmanship.  His 
activity,  however,  was  not  confined  to 
his  art  alone,  but  found  itself  a  hun- 
dred other  different  outlets  in  the 
most  varied  directions.  When  his 
potteries  needed  enlargement  to  meet 
the  increased  demand,  he  founded 
for  the  hands  employed  upon  his 
works  the  model  industrial  village  of 
Etruria.  When  Brindley  began  cut- 
ting artificial  waterways  across  the 
broad  face  of  central  England,  it  was 
in  the  great  potter  that  he  found  his 
chief  ally  in  promoting  the  construc- 
tion of  the  Grand  Trunk  Canal. 
Wedgwood,  indeed,  was  a  builder  of 
schools  and  a  maker  of  roads,  a 
chemist  and  an  artist ;  a  friend  of 
Watt  and  an  employer  of  Flaxman. 
In  short,  like  Erasmus  Darwin,  he 
possessed  that  prime  essential  in  the 
character  of  genius,  an  immense  un- 
derlying stock  of  energy.  And  with 
it  there  went  its  best  concomitant, 
the  "  infinite  capacity  for  taking 
pains."  Is  it  not  probable  that  in 
their  joint  descendant,  the  brilliant 
but  discursive  and  hazardous  genius 
of  Erasmus  Darwin  was  balanced  and 
regulated  by  soberer  qualities  inher- 
ited directly  from  the  profound  indus- 
try of  the  painstaking  potter  ?  When 
later  on  we  find  Charles  Darwin 
spending  hours  in  noting  the  succes- 
sive movements  of  the  tendrils  in  a 
plant,  or  watching  for  long  years  the 


habits  and  manners  of  earthworms  in 
flower-pots,  may  we  not  reasonably 
conjecture  that  he  derived  no  little 
share  of  his  extraordinary  patience, 
carefulness,  and  minuteness  of  handi- 
craft from  his  mother's  father,  Josiah 
Wedgwood  ? 

Such,  then,  were  the  two  main  com- 
ponent elements,  paternal  and  mater- 
nal, from  which  the  striking  personal- 
ity of  Charles  Darwin  was  no  doubt 
for  the  most  part  ultimately  built  up. 


CHAPTER  IIL 

EARLY  DAYS. 

33.  As  the  Chester  express  steams 
out  of  Shrewsbury  station,  you  see  on 
your  left,  overhanging  the  steep  bank 
of  Severn,  a  large,  square,  substantial- 
looking  house,  known  as  the  Mount, 
the  birthplace  of  the  author  of   the 
"  Origin  of  Species."     There,  in  the 
comfortable   home   he   had  built  for 
himself,    Dr.    Robert    Darwin,    the 
father,   lived   and  worked    for    fifty 
years  of  unobtrusive  usefulness.     He 
had   studied  medicine  at  Edinburgh 
and  Leyden,  and  had  even  traveled 
a  little  in  Germany,  before  he  settled 
down  in  the  quiet  old  Salopian  town, 
where   for  half  a  century  his  portly 
figure  and  yellow  chaise  were  familiar 
objects  of  the  country-side  for  miles 
around.      Among   a   literary   society 
which  included    Coleridge's   friends, 
the  Tayleurs,  and  where  Hazlitt  list- 
ened with  delight  to  the  great  poet's 
"  music  of    the    spheres,  "   in   High 
Street  Unitarian  Chapel,  the  Mount 
kept   up  with  becoming   dignity  the 
family  traditions  of  the  Darwins  and 
the  Wedgwoods  as  a  local  center  of 
sweetness  and  light. 

34.  On  February  the    i2th,    1809, 
Charles  Darwin  first  saw  the  light  of 
day  in  this    his    father's    house    at 
Shrewsbury.     Time  and  place  were 
both  t     pitious.     Born  in  a  cultivated 
scientific  family,  surrounded  from  his 
birth  by  elevating  influences,  and  se- 
cured beforehand  from  the  cramping 
i    "essity  of  earning  his  own   livali- 
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hood  by  his  own  exertions,  the  boy 
was  destined  to  grow  up  to  full  matu- 
rity in  the  twenty-one  years  of  slow 
development  that  immediately  pre- 
ceded the  passing  of  the  first  Reform 
Act.  The  thunder  of  the  great  Euro- 
pean upheaval  had  grown  silent  at 
Waterloo  when  he  was  barely  six 
years  old,  and  his  boyhood  was  passed 
amid  country  sights  and  sounds  dur- 
ing that  long  period  of  reconstruction 
and  assimilation  which  followed  the 
fierce  volcanic  outburst  of  the  French 
Revolution.  Happy  in  the  opportu- 
nity of  his  birth,  he  came  upon  the 
world  eight  years  after  the  first  pub- 
lication of  Lamarck's  remarkable 
speculations,  and  for  the  first  twenty- 
two  years  of  his  life  he  was  actually 
the  far  younger  contemporary  of  the 
great  French  evolutionary  philoso- 
pher. Eleven  years  before  his  ar- 
rival upon  the  scene  MaJthus  had  set 
forth  his  "Principle  of  Population." 
Charles  Darwin  thus  entered  upon  a 
stage  well  prepared  for  him,  and  he 
entered  it  with  an  idiosyncrasy  exactly 
adapted  for  making  the  best  of  the 
situation.  The  soil  had  been  thor- 
oughly turned  and  dressed  before 
hand :  Charles  Darwin's  seed  had 
only  to  fall  upon  it  in  order  to  spring 
up  and  bear  fruit  a  hundredfold,  in 
every  field  of  science  or  speculation. 

For  it  was  not  biology  alone  that 
he  was  foredoomed  to  revolutionize, 
but  the  whole  range  of  human 
thought,  and  perhaps  even  ultimately 
of  human  action. 

35.  Is  it  mere  national  prejudice 
which  makes  one  add  with  congratu- 
latory pleasure  that  Darwin  was  born 
in  England,  rather  than  in  France,  in 
Germany,  or  in  America  ?  Perhaps 
so ;  perhaps  not.  For  the  English 
intellect  does  indeed  seem  more  ca- 
pable than  most  of  uniting  high  spec- 
ulative ability  with  high  practical 
skill  and  experience ;  and  of  that 
union  of  rare  qualities  Darwin  him- 
self was  a  most  conspicuous  example. 
It  is  probable  that  England  has  pro- 
duced more  of  the  great  organizing 
and  systematizing  intellects  than  any 
other  modern  countrv. 


36.  Among  those  thinkers  in  his 
own  line  who  stood  more  nearly 
abreast  of  Darwin  in  the  matter  of 
age,  Lyell  was  some  eleven  years  his 
senior,  and  contributed  not  a  little 
(though  quite'  unconsciously)  by  his 
work  and  conclusions  to  the  forma- 
tion of  Darwin's  own  peculiar  scien- 
tific opinions.  The  veteran  Owen, 
who  still  survives  him,  was  nearly 
five  years  older  than  Darwin,  and  also 
helped  to  a  great  extent  in  giving 
form  and  exactness  to  his  great  con- 
temporary's anatomical  ideas.  Hum- 
boldt,  who  preceded  our  English  nat- 
uralist in  the  matter  of  time  by  no 
less  than  forty  years,  might  yet  almost 
rank  as  coeval  in  some  respects,  owing 
to  his  long  and  active  life,  his  late 
maturity,  and  the  very  recent  date  of 
his  greatest  and  most  thought-com- 
pelling work,  the  "  Cosmos  "  (begun 
when  Humboldt  was  seventy-five,  and 
finished  when  he  lacked  but  ten  years 
of  his  century),  in  itself  a  sort  of  prep- 
aration for  due  acceptance  of  the 
Darwinian  theories.  In  fact,  as  many 
as  fifty  years  of  their  joint  lives  coin- 
cided entirely  one  with  the  other's. 
Agassiz  antedated  Darwin  by  two 
years.  On  the  other  hand,  among 
the  men  who  most  helped  on  the  rec- 
ognition of  Darwin's  theories,  Hooker 
and  Lewes  were  his  juniors  by  eight 
years,  Herbert  Spencer  by  eleven, 
Wallace  by  thirteen,  and  Huxley  by 
sixteen.  His  cousin,  Francis  Galton, 
another  grandson  of  Erasmus  Darwin, 
and  joint  inheritor  of  the  distinctive 
family  biological  ply,  was  born  at  the 
same  date  as  Alfred  Russel  Wallace, 
thirteen  years  after  Charles  Darwin. 
In  such  a  goodly  galaxy  of  workers 
was  the  Darwinian  light  destined  to 
shine  through  the  middle  of  the  cent- 
ury, as  one  star  excelleth  another  in 
glory. 

37.  Charles  Darwin  was  the  second 
son  :  but  nature  refuses  doggedly  to 
acknowledge  the  custom  of  primogen- 
iture. His  elder  brother,  Erasmus,  a 
man  of  mute  and  inarticulate  ability, 
with  a  sardonic  humor  alien  to  his 
race,  extorted  unwonted  praise  from 
the  critical  pen  of  Thomas  Carlyle, 
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who  "for  intellect  rather  preferred 
him  to  his  brother  Charles."  But 
whatever  spark  of  the  Darwinian 
genius  was  really  innate  in  Erasmus 
the  Less  died  with  him  unacknowl- 
edged. 

38.  The  boy  was  educated  (so  they 
call  it)  at  Shrewsbury  Grammar 
School,  under  sturdy  Sam  Butler, 
afterward  Bishop  of  Lichfield ;  and 
there  he  picked  up  so  much  Latin  and 
Greek  as  was  then  considered  abso- 
lutely essential  to  the  due  production 
of  an  English  gentleman.  Happily 
for  the  world,  having  no  taste  for  the 
classics,  he  escaped  the  ordeal  with 
little  injury  to  his  individuality.  His 
mother  had  died  while  he  was  still  a 
child,  but  his  father,  that  "  acute  ob- 
server," no  doubt  taught  him  to  know 
and  love  nature.  At  sixteen  he  went 
to  Edinburgh  University,  then  ren- 
dered famous  by  a  little  knot  of  dis- 
tinguished professors,  and  there  he 
remained  for  two  years.  Already,  at 
school,  he  had  made  himself  notable 
by  his  love  of  collecting — the  first 
nascent  symptom  of  the  naturalist 
bent  He  collected  everything,  shells, 
eggs,  minerals,  coins,  nay,  since 
postage  stamps  were  then  not  yet 
invented,  even  franks.  But  at  Edin- 
burgh he  gave  the  earliest  distinct 
evidence  of  his  definite  scientific 
tastes  by  contributing  to  the  local 
academic  society  a  paper  on  the  float- 
ing eggs  of  the  common  sea-mat,  in 
which  he  had  even  then  succeeded  in 
discovering  for  the  first  time  organs 
of  locomotion.  Thence  he  proceeded 
to  Christ's  College,  Cambridge.  The 
Darwins  were  luckily  a  Cambridge 
family  :  luckily,  let  us  say,  for  had  it 
been  otherwise — had  young  Darwin 
been  distorted  from  his  native  bent 
by  Plato  and  Aristotle,  and  plunged 
deep  into  the  mysteries  of  Barbara 
and  Celarent,  as  would  infallibly  have 
happened  to  him  at  the  sister  uni- 
versity— who  can  tell  how  long  we 
might  have  had  to  wait  in  vain  for 
the  "  Origin  of  Species "  and  the 
"  Descent  of  Man  "  ?  But  Cambridge, 
which  rejoiced  already  in  the  glory  of 
Newton,  was  now  to  match  it  by  the 
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glory  of  Darwin.  In  its  academical 
course,  the  mathematical  wedge  had 
always  kept  open  a  dim  passage  for 
physical  science ;  and  at  the  exact 
moment  when  Darwin  was  an  under- 
graduate at  Christ's — from  1827  to 
1831 — the  university  had  the  advan- 
tage of  several  good  scientific  teach- 
ers, and  among  them  one,  Professor 
Henslow,  a  well-known  botanist,  who 
took  a  special  interest  in  young 
Darwin's  intellectual  development. 
There,  too,  he  met  with  Sedgwick, 
Airy,  Ramsay,  and  numerous  other 
men  of  science,  whose  intercourse 
with  him  must  no  doubt  have  con- 
tributed largely  to  mold  and  form 
the  future  cast  of  his  peculiar  philo- 
sophical idiosyncrasy. 

39.  It  was  to  Henslow's  influence 
that  Darwin  in  later  years  attributed 
in  great  part  his  powerful  taste  for 
natural    history.      But   in    truth   the 
ascription  of  such  high  praise  to  his 
early  teacher  smacks  too  much  of  the 
Darwinian  modesty  to  be  accepted  at 
once   without   demur  by  the   candid 
critic.     The  naturalist,  like  the  poet, 
is  born,  not  made.     How  much  more, 
then,   must  this   needs   be   the  case 
with  the  grandson  of  Erasmus   Dar- 
win and  of  Josiah  Wedgwood  ?     As  a 
matter  of  fact,  already  at  Edinburgh 
the  lad  had  loved  to  spend  his  days 
among  the  sea-beasts  and   wrack  of 
the  Inches  in  the  Firth  of  Forth  ;  and 
it  was  through  the  instrumentality  of 
his  "  brother  entomologists  "  that  he 
first   became   acquainted   with   Hen- 
slow   himself  when   he    removed    to 
Cambridge.      The     good     professor 
could  not  make  him  into  a  naturalist  : 
inherited  tendencies  and  native  ener- 
gies had  done  that  for   him  already 
From  his  very  cradle. 

40.  "  Doctrina  sed  vim   promovet 
insitam  "  ;  and  it  was  well  that  Dar- 
win took  up  at  Cambridge   with  the 
study   of  geology   as   his   first   love. 
For  geology  was  then  the  living  and 
moving   science,    as   astronomy   had 
been  in  the  sixteenth  century,  and  as 
biology   is   at   the   present  day — the 

rowing-point,  so  to  speak,  of  Euro- 
pean  development,  whence  all  great 
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things  might  naturally  be  expected. 
Moreover,  it  was  and  is  the  central 
science  of  the  concrete  class,  having 
Telations  with  astronomy  on  the  one 
hand,  and  with  biology  on  the  other  ; 
concerned  alike  with  cosmical  chances 
or  changes  on  this  side,  and  with  the 
minutest  facts  of  organic  nature  on 
that ;  the  meeting-place  and  border- 
land of  all  the  separate  branches  of 
study  that  finally  bear  upon  the  com- 
plex problems  of  our  human  life.  No 
other  subject  of  investigation  '.vas  so 
well  calculated  to  rouse  Darwin's  in- 
terest in  the  ultimate  questions  of 
evolution  or  creation,  of  sudden  cata- 
clysm or  gradual  growth,  of  miracu- 
lous intervention  or  slow  develop- 
ment. Here,  if  anywhere,  his  enig- 
mas were  all  clearly  propounded 
to  him  by  the  inarticulate  stony 
sphinxes  ;  he  had  only  to  riddle  them 
out  for  himself  as  he  went  along  in 
after  years  with  the  aid  of  the  suc- 
cessive side-lights  thrown  upon  the 
world  by  the  unconnected  lanterns  of 
Lamarck  and  of  Malthus. 

41.  Fortunately  for  us,  then,  Dar- 
win did  not  waste  his  time  at  Cam- 
bridge over  the  vain  and  frivolous 
pursuits  of  the  classical  tripos.  He 
preferred  to  work  at  his  own  subjects 
in  his  own  way,  and  to  leave  the 
short-lived  honors  of  the  schools  to 
those  who  cared  for  them  and  for 
nothing  higher.  He  came  out  with 
the  ol  iro^oi  in  1831,  and  thence- 
forth proceeded  to  study  life  in  the 
wider  university  for  which  his  natural 
inclinations  more  properly  fitted  him. 
The  world  was  all  before  him  where 
to  choose,  and  he  chose  that  better 
part  which  shall  not  be  taken  away 
from  him  as  long  as  the  very  memory 
of  science  survives. 


CHAPTER  IV. 
DARWIN'S  WANDER-YEARS. 

42.  SCARCELY  had  Darwin  taken 
His  pass  degree  at  Cambridge  when 
the  great  event  of  his  life  occurred 


which,  more  than  anything  else,  per- 
haps, gave  the  final  direction  to  his 
categorical  genius  in  the  line  it  was 
thenceforth  so  successfully  to  follow. 
In  the  autumn  of  1831,  when  Darwin 
was  just  twenty-two,  it  was  decided 
by  Government  to  send  a  ten-gun 
brig,  the  "  Beagle,"  under  command  of 
Captain  Fitzroy,  to  complete  the  un- 
finished survey  of  Patagonia  and 
Tierra  del  Fuego,  to  map  out  the 
shores  of  Chili  and  Peru,  to  visit  sev- 
eral of  the  Pacific  archipelagoes,  and 
to  carry  a  chain  of  chronometrical 
measurements  round  the  whole  world. 
This  was  an  essentially  scientific  ex- 
pedition, and  Captain  Fitzroy,  after- 
ward so  famous  as  the  meteorolog- 
ical admiral,  was  a  scientific  officer  of 
the  highest  type.  He  was  anxious  to 
be  accompanied  on  his  cruise  by  a 
competent  naturalist  who  would  un- 
dertake the  collection  and  preserva- 
tion of  the  animals  and  plants  discov- 
ered on  the  voyage,  for  which  pur- 
pose he  generously  offered  to  give  up 
a  share  of  his  own  cabin  accommo- 
dation. Professor  Henslow  seized 
upon  the  opportunity  to  recommend 
for  the  post  his  promising  pupil, 
young  Darwin,  "grandson  of  the 
poet."  Darwin  gladly  volunteered  his 
services  without  salary,  and  partly 
paid  his  own  expenses  on  condition 
of  being  permitted  to  retain  in  his 
own  possession  the  animals  and 
plants  he  collected  on  the  journey. 
The  "  Beagle  "  set  sail  from  Devon- 
port  on  December  the  27th,  1831 ; 
she  returned  to  Falmouth  on  October 
the  2d,  1836. 

43.  That  long  five  years'  cruise 
around  the  world,  the  journal  of  which 
Darwin  has  left  us  in  the  "  Voyage  of 
the  '  Beagle,'  "  proved  a  marvelous 
epoch  in  the  great  naturalist's  quiet 
career.  It  left  its  abiding  mark 
deeply  imprinted  on  all  his  subse- 
quent life  and  thinking.  Lamarck 
and  Erasmus  Darwin  were  cabinet 
biologists,  who  had  never  beheld  with 
their  own  eyes  the  great  round  world 
and  all  that  therein  is ;  Charles  Dar- 
win had  the  inestimable  privilege  irf 
seeing  for  himself,  at  first  hand,  a 
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large  part  of  the  entire  globe  and  of 'ties  of  Darwin's  mind,  and  suggest 
the  creatures  that  inhabit  it.  Even  ( ing  to  his  active  and  receptive  brain 
to  have  caught  one  passing  glimpse  '  those  deep  problems  of  life  and  its 
of  the  teeming  life  of  the  tropics  is  environment  which  he  afterward 


in  itself  an  education; 
ralist   it   is  more,  it  is 


to  the  natu- 
a   revelation. 


Our  starved  little  northern  fauna 
and  flora,  the  mere  leavings  of  the 
vast  ice  sheets  that  spread  across 


wrought  out  with  such  subtle  skill  and 
such  consummate  patience  in  the  "  Or- 
igin of  Species  "  and  the  "  Descent  of 
Man."  The  Cape  de  Verdes,  and  the 
other  Atlantic  islands,  with  their 


our  zone  in  the  glacial  epoch,  show  scanty  population  of  plants  and  ani- 
us  a  world  depopulated  of  all  its  larg-  mals,  composed  for  the  most  part  of 
est,  strangest,  and  fiercest  creatures;  waifs  and  strays  drifted  to  their  bar- 
a  world  dwarfed  in  all  its  component  ren  rocks  by  ocean  currents,  or  blown 
elements,  and  immensely  differing  in  ;  out  helplessly  to  sea  by  heavy  winds  ; 
ten  thousand  ways  from  that  rich,  luxu-  j  Brazil,  with  its  marvelous  contrasting 
riant,  over-stocked  hot-house  in  which  :  wealth  of  tropical  luxuriance  and  self- 
the  first  great  problems  of  evolution  j  strangling  fertility,  a  new  province  of 
were  practically  worked  out  by  survival  interminable  delights  to  the  soul  of  the 
of  the  fittest.  But  the  tropics  pre-  '•  enthusiastic  young  collector ;  the 
serve  for  us  still  in  all  their  jungles  South  American  pampas,  with  their 
something  of  the  tangled,  thickly-  colossal  remains  of  extinct  animals, 
peopled  aspect  which  our  planet !  huge  geological  precursors  of  the  stunt- 
must  have  presented  for  count- !  ed  modern  sloths  and  armadillos  that 
less  ages  in  all  latitudes  before  the  still  inhabit  the  self-same  plains  ;  Tier- 
advent  of  primeval  man.  We  now  ra  del  Fuego,  with  its  almost  Arctic  cli- 
know  that  throughout  the  greater  mate,  and  its  glimpses  into  the  se- 
part  of  geological  time,  essentially  crets  of  the  most  degraded  savage 
tropical  conditions  existed  unbro-  types  ;  the  vast  range  of  the  Andes 
ken  over  the  whole  surface  of  the  and  the  Cordilleras,with  their  volcanic 
entire  earth,  from  the  Antarctic  conti-  energy  and  their  closely  crowded 
nent  to  the  shores  of  Greenland ;  so  horizontal  belts  of  climatic  life ;  the 
that  some  immediate  acquaintance  at  South  Sea  Islands,  those  paradises 
least  with  the  equatorial  world  is  of  of  the  Pacific,  Hesperian  fables 
immense  value  to  the  philosophical  \  true,  alike  for  the  lover  of  the  pict- 
naturalist  for  the  sake  of  the  analo-  uresque  and  the  biological  stu- 
gies  it  inevitably  suggests ;  and  it  is  dent ;  Australia,  that  surviving  f  rag- 
a  significant  fact  that  almost  all  those  !  ment  of  an  extinct  world,  with  an 
great  and  fruitful  thinkers  who  in  antiquated  fauna  whose  archaic  char- 
pur  own  time  have  done  good  work  acter  still  closely  recalls  the  European 
in  the  wider  combination  of  biolog-  life  of  ten  million  years  back  in  the 
ical  facts  have  themselves  passed  a  secondary  epoch  :  all  these  and  many 
considerable  number  of  years  in  others  equally  novel  and  equally  in- 
investigating  the  conditions  of  trop-  structive  passed  in  long  alternating 
ical  nature.  Europe  and  England  panorama  before  Darwin's  eyes,  and 
are  at  the  ends  of  the  earth  ;  the  trop-  left  their  images  deeply  photographed 
ics  are  biological  headquarters.  The  forever  after  on  the  lasting  tablets 


equatorial  zone  is  therefore   the  true 


of  his  retentive   memory.     That   was 


the  real  great  university  in  which   he 


school   for  the  historian  of  life  in  its 

more  universal  and  lasting  aspects,      j  studied  nature  and  read   for  his   de- 
44.  Nor  was  that  all.     The  partic-  j  gree.     Our  evolutionist  was  now   be- 
ular  countries  visited  by  the  "  Beagle  "   ing  educated. 

during  the  course  of  her  long  and  45.  Throughout  the  whole  of  the 
varied  cruise  happened  to  be  exactly  journal  of  this  long  cruise,  which  Dar- 
suchas  were  naturally  best  adapted  win  afterward  published  in  an  en- 
for  bnngincr  «.,*  £c  ^tent  potential!- 1  larged  form,  it  is  impossible  not  to  be 
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struck  at  every  turn  with  the  way  in 
which  his  inquisitive  mind  again  and 
again  recurs  to  the  prime  elements  of 
those  great  problems  toward  whose 
solution  he  afterward  so  successfully 
pointed  out  the  path.  The  Darwin- 
ian ideas  are  all  already  there  in  the 
germ;  the  embryo  form  of  the  "  Ori- 
gin of  Species  "  plays  in  and  out  on 
every  page  with  the  quaintest  elusive- 
ness.  We  are  always  just  on  the  very 
point  of  catching  it ;  and  every  now 
and  again  we  do  actually  all  but  catch 
it  in  essence  and  spirit,  though  ever 
still  its  bodily  shape  persistently 
evades  us.  Questions  of  geograph- 
ical distribution,  of  geological  con- 
tinuity, of  the  influence  of  climate,  of 
the  modifiability  of  instinct,  of  the 
effect  of  surrounding  conditions,  ab- 
sorb the  young  observer's  vivid  interest 
at  every  step,  wherever  he  lands.  He 
is  unconsciously  collecting  notes  and 
materials  in  profuse  abundance  for 
his  great  work;  he  is  thinking  in 
rough  outline  the  new  thoughts  which 
are  hereafter  to  revolutionize  the 
thought  of  humanity. 

46.  Five  years  are  a  great  slice  out 
of  a  man's  life  :  those  five  years  of 
ceaseless  wandering  by  sea  and  land 
were  spent  by  Charles  Darwin  in  ac- 
cumulating endless  observations  and 
hints  for  the  settlement  of  the  pro- 
found fundamental  problems  in  which 
he  was  even  then  so  deeply  interested. 
The  "  Beagle  "  sailed  from  England 
to  the  Cape  de  Verdes,  and  already, 
even  before  she  had  touched  her  first 
land,  the  young  naturalist  had  observed 
with  interest  that  the  impalpably  fine 
dust  which  fell  on  deck  contained  no 
less  than  sixty-seven  distinct  organic 
forms,  two  of  them  belonging  to  spe- 
cies peculiar  to  South  America.  In 
some  of  the  dust  he  found  particles  of 
stone  so  very  big  that  they  measured 
"  above  the  thousandth  of  an  inch 
square ;  "  and  after  this  fact,  says  the 
keen  student,  "  one  need  not  be  sur- 
prised at  the  diffusion  of  the  far 
lighter  and  smaller  sporules  of  cryp- 
togamic  plants."  Would  Erasmus 
Darwin  have  noticed  these  minute 
points  and  their  implications  one  won- 


ders ?  Probably  not.  May  we  not 
see  in  the  observation  partly  the  he- 
reditary tendencies  of  Josiah  Wedg 
wood  toward  minute  investigation 
and  accuracy  of  detail,  partly  the  in- 
fluence of  the  scientific  time-wave, 
and  the  careful  training  under  Pro- 
fessor Henslow  ?  Erasmus  Darwin 
comes  before  us  rather  as  the  brilliant 
and  ingenious  amateur,  his  grandson 
Charles  as  the  instructed  and  fully 
equipped  final  product  of  the  scien- 
tific schools. 

47.  At  St.  Paul's  Rocks,  once  more, 
a  mass  of  new  volcanic  peaks   rising 
abruptly  from  the  midst  of  the  Atlan- 
tic, the    naturalist   of  the    "  Beagle  " 
notes  with  interest  that  feather  and 
dirt-feeding  and  parasitic  insects  or 
spiders   are    the    first   inhabitants  to 
take    up  their  quarters    on  recently 
formed  oceanic  islands.     This  prob- 
lem of  the  peopling  of  new  lands,  in- 
deed, so  closely  connected  with  the 
evolution  of  new  species,  necessarily 
obtruded    itself    upon    his    attention 
again  and  again  during  his  five  years' 
cruise  ;  and  in  some  cases,  especially 
that   of   the    Galapagos  Islands,    the 
curious     insular    faunas     and    floras 
which   he   observed   upon   this    trip, 
composed  as  they  were  of  mere  casual 
straylings  from  adjacent  shores,  pro- 
duced upon  his  mind  a  very  deep  and 
lasting  impression,  whose  traces  one 
may   without    difficulty     discern    on 
every  second  page  of  the  "  Origin  of 
Species." 

48.  On  the  last  day  of  February, 
1832,  the  "  Beagle  "  came  to  anchor 
in    the  harbor   of   Bahia,  and  young 
Darwin  caught  sight  for  the  first  time 
of  the  mutually  strangling  luxuriance 
of  tropical  vegetation.     Nowhere  on  , 
earth  are  the  finest  conditions  of  trop-  ' 
ical  life  more  fully  realized  than  in  the 
tangled  depths  of  the  great  uncleared 
Brazilian   forests,  which    everywhere 
gird   round   like    a   natural    palisade 
with     their    impenetrable     belt    the 
narrow  and  laborious  clearings  of  over- 
mastered man.     The  rich  alluvial  silt 
of  mighty  river  systems,  the  immemo- 
rial  manuring  of  the  virgin  soil,  the 
fierce  energy  of  an  almost  equatorial 
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sun,  and  the  universal  presence  of 
abundant  water,  combine  to  make  life 
in  that  marvelous   region  unusually 
wealthy,  varied,  and  crowded,  so  that 
the  struggle  for  existence  is  there  per- 
haps more  directly  visible  to  the  see- 
ing eye  than  in  any  other  known  por- 
tion of  God's  universe.     "  Delight  it- 
self," says  Darwin  in  his  journal,  with 
that    naive   simplicity  which  every- 
where forms  the  chief  charm  of  his 
direct  and  unaffected  literary  style— 
"  delight  itself  is  a  weak  term  to  ex- 
press the  feelings  of  a  naturalist  who 
for  the  first  time  has   wandered  by 
himself  in  a  Brazilian  forest.      The 
elegance  of  the  grasses,  the  novelty  of 
the  parasitical  plants,  the  beauty  of 
the  flowers,  the  gbssy  green  of  the 
foliage,  but  above  all  the  general  lux- 
uriance of  the  vegetation,  filled  me 
with  admiration."      In  truth,  among 
those  huge  buttressed  trunks,  over- 
hung by  the  unbroken  canopy  of  foli- 
age on  the  vast  spreading  and  inter- 
lacing branches,  festooned  with  lianas 
and  drooping  lichens,  or  beautified  by 
the  pendent  alien  growth  of  perfumed 
orchids,  Darwin's  mind  must  indeed 
have  found  congenial  food  for  apt  re- 
flection, and  infinite  opportunities  for 
inference  and  induction.     From  the 
mere  picturesque  point  of  view,  in- 
deed, the  naturalist  enjoys  such  sights 
as  this  a  thousand  times  more  truly 
and  profoundly  than  the  mere  casual 
unskilled  observer :  for  it  is  a  shallow, 
self-flattering  mistake  of  vulgar  and 
narrow  minds  to  suppose  that  fuller 
knowledge   and  clearer   insight  can 
destroy  or  impair  the  beauty  of  beau- 
tiful objects — as  who  should  imagine 
that  a  great  painter  appreciates  the 
sunset  less  than  a  silly  boy  or  a  sen 
timental  schoolgirl.     As  a  matter  o 
fact,  the  naturalist  knows  and  admires 
a  thousand  exquisite    points   of   de- 
tail in  every  flower  and  every  insec 
which  only  he  himself  and  the  true 
artist  can  equally  delight  in.     And  a 
keen  intellectual  and  aesthetic  joy  in 
the  glorious  fecundity  and  loveliness 
of  nature  was  everywhere  present  to 
Darwin's    mind.     But,   beyond    anc 
above  even  that,  there  was  also  the 


architectonic  delight  of  the  great 
organizer  in  the  presence  of  a  noble 
rganized  product :  the  peculiar 
)leasure  felt  only  by  the  man  in  whose 
jroader  soul  all  minor  details  fall  at 
jnce  into  their  proper  place,  as  com- 
>onent  elements  in  one  great  consist- 
;nt  and  harmonious  whole — a  sym- 
pathetic pleasure  akin  to  that  with 
Arhich  an  architect  views  the  interior 
of  Ely  and  of  Lincoln,  or  a  musician 
istens  to  the  linked  harmonies  of 
he  "  Messiah  "  and  the  "  Creation." 
The  scheme  of  nature  was  now  un- 
blding  itself  visibly  and  clearly  before 
Charles  Darwin's  very  eyes. 

49.  After  eighteen  memorable  days 
spent  with  unceasing  delight  at  Bahia, 
the  "  Beagle "  sailed  again  for  Rio, 
where  Darwin  stopped  for  three 
months,  to  improve  his  acquaintance 
with  the  extraordinary  wealth  of  the 
South  American  fauna  and  flora. 
Collecting  insects  was  here  his  chief 
occupation,  and  it  is  interesting  to 
note  even  at  this  early  period  how  his 
attention  was  attracted  by  some  of 
those  strange  alluring  devices  on  the 
part  of  the  males  for  charming  their 
partners  which  afterward  formed  the 
principal  basis  for  his  admirable  the- 
ory of  sexual  selection,  so  fully  devel- 
oped in  the  "  Descent  of  Man." 

Several  times,"  he  says,  "  when  a 
pair  [of  butterflies],  probably  male 
and  female,  were  chasing  each  other 
in  an  irregular  course,  they  passed 
within  a  few  yards  of  me ;  -and  I  dis- 
tinctly heard  a  clicking  noise,  similar 
to  that  produced  by  a  toothed  wlieel 
passing  under  a  spring  catch."  In 
like  manner  he  observed  here  the  in- 
stincts of  tropical  ants,  the  habits  of 
phosphorescent  insects,  and  the  hor- 
rid practice  of  that  wasp-like  creat- 
ure, the  sphex,  which  stuffs  the  clay 
cells  of  its  larvae  full  of  half-dead 
spiders  and  writhing  caterpillars,  so 
stung  with  devilish  avoidance  of  vital 
parts  as  to  be  left  quite  paralyzed 
yet  still  alive,  as  future  food  for  the 
developing  grubs.  Cases  like  these 
helped  naturally  to  shake  the  young 
biologist's  primitive  faith  in  the  cheap 
and  crude  current  theories  of  univer- 
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sal  beneficence,  and  to  introduce  that 
wholesome  skeptical  reaction  against 
received  dogma  which  is  the  neces- 
sary ground-work  and  due  preparation 
for  all  great  progressive  philosophical 
thinking. 

50.  In  July  they  set  sail  again  for 
Monte  Video,  where  the  important 
question  of  climate  and  vegetation 
began  to  interest  young  Darwin's 
mind.  Uruguay  is  almost  entirely 
treeless ;  and  this  curious  phenome- 
non, in  a  comparatively  moist  sub- 
tropical plain-land,  struck  him  as  a 
remarkable  anomaly,  and  set  him 
speculating  on  its  probable  cause. 
Australia,  he  remembered,  was  far 
more  arid,  and  yet  its  interior  was 
everywhere  covered  by  whole  forests 
of  quaint  indigenous  gum-trees. 
Could  it  be  that  there  were  no  trees 
adapted  to  the  climate  ?  As  yet,  the 
true  causes  of  geographical  distribu- 
tion had  not  clearly  dawned  upon 
Darwin's  mind ;  but  that  a  young 
man  of  twenty-three  should  seriously 
busy  himself  about  such  problems  of 
ultimate  causation  at  all  is  in  itself  a 
sufficiently  pointed  and  remarkable 
phenomenon.  It  was  here,  too,  that 
he  first  saw  that  curious  animal,  the 
Tucutuco,  a  true  rodent  with  the 
habits  of  a  mole,  which  is  almost 
always  found  in  a  blind  condition. 
With  reference  to  this  singular  creat- 
ure, there  occurs  in  his  journal  one  of 
those  interesting  anticipatory  passages 
which  show  the  rough  workings  of  the 
distinctive  evolutionary  Darwinian 
concept  in  its  earlier  stages.  "  Con- 
sidering the  strictly  subterranean 
habits  of  the  Tucutuco,"  he  writes, 
"  the  blindness,  though  so  common, 
cannot  be  a  very  serious  evil ,  yet  it 
appears  strange  that  any  animal 
should  possess  an  organ  frequently 
subject  to  be  injured.  Lamarck 
would  have  been  delighted  with  this 
fact,  had  he  known  it,  when  speculat- 
ing (probably  with  more  truth  than 
usual  with  him)  on  the  gradually  ac- 
quired blindness  of  the  Aspalax,  a 
gnawer  living  under  the  ground,  and 
of  the  Proteus,  a  reptile  living  in 
dark  caverns  filled  with  water;  in 


both  of  which  animals  the  eye  is  in 
an  almost  rudimentary  state,  and  is 
covered  by  a  tendinous  membrane 
and  skin.  In  the  common  mole  the 
eye  is  extraordinarily  small  but  per- 
fect, though  many  anatomists  doubt 
whether  it  is  connected  with  the  true 
optic  nerve  ,  its  vision  must  certainly 
be  imperfect,  though  probably  useful 
to  the  animal  when  it  leaves  its  bur- 
row. In  the  Tucutuco,  which  I  be- 
lieve never  comes  to  the  surface  of 
the  ground,  the  eye  is  rather  larger, 
but  often  rendered  blind  and  useless, 
though  without  apparently  causing 
any  inconvenience  to  the  animal :  no 
doubt  Lamarck  would  have  said  that 
the  Tucutuco  is  now  passing  into  the 
state  of  the  Aspalax  and  Proteus." 
The  passage  is  instructive  both  as 
showing  that  Darwin  was  already 
familiar  with  Lamarck's  writings,  and 
as  pointing  out  the  natural  course  of 
his  own  future  development. 

51.  For  the  two  years  from  her 
arrival  at  Monte  Video,  the  "  Beagle  " 
was  employed  in  surveying  the  east- 
ern coast  of  South  America ;  and 
Darwin  enjoyed  unusual  opportuni- 
ties for  studying  the  geology,  the 
zoology,  and  the  botany  of  the  sur- 
rounding districts  during  all  that  pe- 
riod. It  was  a  suggestive  field  indeed 
for  the  young  naturalist.  The  curi- 
ous relationship  of  the  gigantic  fossil 
armor-plated  animals  to  the  existing 
armadillo,  of  the  huge  megatherium 
to  the  modern  sloths,  and  of  the  co- 
lossal ant-eaters  to  their  degenerate 
descendants  at  the  present  day, 
formed  one  of  the  direct  inciting 
causes  to  the  special  study  which 
produced  at  last  the  "  Origin  of  Spe- 
cies." In  the  Introduction  to  that  im- 
mortal work  Darwin  wrote,  some 
twenty-seven  years  later,  "  When  on 
board  H.M.S.  '  Beagle  '  as  natural- 
ist, I  was  much  struck  with  certain 
facts  in  the  distribution  of  the  organic 
beings  inhabiting  South  America,  and 
in  the  geological  relations  of  the 
present  to  the  past  inhabitants  of 
that  continent.  These  facts,  as  will 
be  seen  in  the  latter  chapters  of  this 
volume,  seemed  to  throw  some  light 
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on 


„  the  origin  of  species— that  mystery  1  separated,  blended  together  in  differ- 
of  mysteries,  as  it  has  been  called  by !  ent  points  of  the  structure  of  the  tox- 
one  of    our  greatest    philosophers."   odon."     We   now    know  that 
And  in  the  body  of  the  work  itself  he 
refers  over  and  over  again  to  number- 


odon.' 
cialized 


now 
ancestral 


unspe- 
forms   always   dis- 


less  observations  made  by  himself 
during  this  period  of  rapid  psycholog- 
ical development — observations  on 
the  absence  of  recent  geological  for- 
mations along  the  lately  upheaved 
South  American  coast ;  on  the  strange 
extinction  of  the  horse  in  La  Plata , 
on  the  affinities  of  the  extinct  and 


play  this  close  union  of  peculiarities 


recent  species ;  on  the  effect  of  mi- 
nute individual  peculiarities  in  preserv- 
ing life  under  special  circumstances  ; 
and  on  the  influence  of  insects  and 
blood-sucking  bats  in  determining  the 
existence  of  the  larger  naturalized 
mammals  in  parts  of  Brazil  and  the 
Argentine  Republic.  It  was  the 
epoch  of  wide  collection  of  facts,  to 
be  afterward  employed  in  brilliant 
generalizations:  the  materials  for  the 
"  Origin  of  Species "  were  being 
slowly  accumulated  in  the  number- 
less pigeon-holes  of  the  Darwinian 
memory. 

52.  Among  the  facts  thus  industri- 
ously gathered  by  Darwin  in  the  two 
years  spent  on  the  South  American 
coast  were  several  curious  instincts  ol 
the  cuckoo-like  molothrus,  of  the  ow! 
of  the  Pampas,  and  of  the  American 
ostrich.  A  few  sentences  scatterec 
here  and  there  through  this  part  o 
the  "Naturalist's  Journal  "  may  wel 
be  extracted  in  the  present  place  as 
showing,  better  than  any  mere  second 
hand  description  could  do,  the  slow 
germinating  process  of  the  "  Origin  o 
Species."  In  speaking  of  the  toxo- 
don,  that  strange  extinct  South  Ameri 
can  mammal,  the  young  author  re 
marks  acutely  that,  though  in  size  i 
equalled  the  elephant  and  the  mega 
therium,  the  structure  of  its  teetl 
shows  it  to  be  closely  allied  to  th< 
ruminants,  while  several  other  detail 
link  it  to  the  pachyderms,  and  it 
aquatic  peculiarities  of  ear  and  nostri 
approximate  it  rather  to  the  manate 
and  the  dugong.  "  How  wonder 
fully,"  he  says,  "  are  the  different 
orders,  at  the  present  time  so  well 


fterward     separately    developed    in 
istinct  species  of  their  later  descend- 


53.  Still  more  pregnant  with  evolu- 
ionism  in  the  bud  is  the  prophetic  re- 
nark  about  a  certain  singular  group 
)f  South  American  birds,  "  This  small 
amily  is  one  of  those  which,  from  its 
aried    relations    to    other   families, 
Ithough    at    present    offering    only 
difficulties  to  the  systematic  natural- 
st,  ultimately  may  assist  in  revealing 
he   grand   scheme,   common   to  the 
present    and    past    ages,    on    which 
organized  beings  have  been  created." 
Of  the  agouti,  once  more,  that  true 
:riend  of   the   desert,    Darwin   notes 
hat   it  does   not   now   range   as  far 
south    as    Port    St.    Julian,    though 
Wood  in  1670  found  it  abundant  there ; 
and    he    asks    suggestively,    "What 
cause   can   have    altered,  in   a  wide, 
uninhabited,  and  rarely  visited  coun- 
try, the  range  of  an  animal  like  this  ? '' 
Again,  when  speaking  of  the  analogies 
between    the   extinct   camel- like  ma- 
crauchenia  and  the  modern  guanaco, 
as  well  as  of  those  between  the  fossil 
and  living  species  of  South  American 
rodents,  he  says,  with  even  more  pro- 
phetic  insight,  "This   wonderful    re- 
lationship in  the  same  continent  be- 
tween the  dead  and  the  living  will,  I 
do  not  doubt,  hereafter  throw  more 
light  on   the   appearance  of   organic 
beings  on  our  earth,  and  their  disap- 
pearance from  it,  than  any  other  class 
of  facts."     He  was  himself  destined 
in  another  thirty  years  to  prove  the 
truth  of  his  own  vaticination. 

54.  A  yet  more  remarkable  passage 
in  the  "Journal  of  the  'Beagle,'" 
though  entered  under  the  account  of 
events  observed  in  the  year  1834,  must 
almost  certainly  have  been  written 
somewhat  later,  and  subsequently  to 
Darwin's  first  reading  of  Malthus's 
momentous  work,  "  The  Principle  of 
Population,"  which  (as  we  know  from 
his  own  pen)  formed  a  cardinal  point 
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in  the  great  biologist's  mental  de- 
velopment. It  runs  as  follows  in  the 
published  journal :  * — "  We  do  not 
steadily  bear  in  mind  how  profoundly 
ignorant  we  are  of  the  conditions  of 
existence  of  every  animal ;  nor  do  we 
always  remember  that  some  check  is 
constantly  preventing  the  too  rapid 
increase  of  every  organized  being  left 
in  a  state  of  nature.  The  supply  of 
food,  on  an  average,  remains  con- 
stant ;  yet  the  tendency  in  every  ani- 
mal to  increase  by  propagation  is 
geometrical,  and  its  surprising  effects 
have  nowhere  been  more  astonish- 
ingly shown  than  in  the  case  of  the 
European  animals  run  wild  during  the 
last  few  centuries  in  America.  Every 
animal  in  a  state  of  nature  regularly 
breeds ;  yet  in  a  species  long  estab- 
lished any  great  increase  in  numbers 
is  obviously  impossible,  and  must  be 
checked  by  some  means."  Aut  Mal- 
thus  aut  Diabolus.  And  surely  here, 
if  anywhere  at  all,  we  tremble  on  the 
very  verge  of  natural  selection.' 

55.  It  would  be  impossible  to  fol- 
low young  Darwin  in  detail  through 
his  journey  to  Buenos  Ayres,  and  up 
the  Parana  to  Santa  Fe,  which  occu- 
pied the  autumn  of  1833.  In  the 
succeeding  year  he  visited  Patagonia 
and  the  Falkland  Islands,  having  pre- 
viously made  his  first  acquaintance 
with  savage  life  among  the  naked 
Fuegians  of  the  extreme  southern 
point  of  the  continent.  Some  of 
these  interesting  natives,  taken  to 
England  by  Captain  Fitzroy  on  a 
former  visit,  had  accompanied  the 
"  Beagle "  through  all  her  wander- 
ings, and  from  them  Darwin  obtained 
that  close  insight  into  the  workings  of 
savage  human  nature  which  he  after- 
ward utilized  with  such  conspicuous 
ability  in  the  "  Descent  of  Man." 
Through  Magellan's  Straits  the  party 
made  their  way  up  the  coasts  of  Chili, 
and  Darwin  had  there  an  opportunity 


*  The  full  narrative  was  first  given  to  the 
world  in  1839,  some  three  years  after  Dar- 
win's return  to  England,  so  that  much  of  it 
evidently  represents  the  results  of  his  ma- 
turer  thinking  and  reading  on  the  facts  col- 
lected during  his  journey  round  the  world. 


of  investigating  the  geology  anof  biol- 
ogy of  the  Cordillera.  The  year  1835 
was  chiefly  spent  in  that  temperate 
country  and  in  tropical  Peru ;  and  as 
the  autumn  went  on,  the  "  Beagle  " 
made  her  way  across  a  belt  of  the 
Pacific  to  the  Galapagos  archipelago. 
56.  Small  and  unimportant  as  are 
those  little  equatorial  islands  from 
the  geographical  and  commercial 
point  of  view,  they  will  yet  remain 
forever  classic  ground  to  the  biolo- 
gists of  the  future  from  their  close 
connection  with  the  master-problems 
of  the  "Origin  of  Species."  Here 
more,  perhaps,  than  anywhere  else 
the  naturalist  of  the  "  Beagle  "  found 
himself  face  to  face  in  real  earnest 
with  the  ultimate  questions  of  creation 
or  evolution.  A  group  of  tiny  vol- 
canic islets,  never  joined  to  any  land, 
nor  even  united  to  one  another,  yet 
each  possessing  its  own  special  zo- 
ological features — the  Galapagos 
roused  to  an  extraordinary  degree  the 
irresistible  questionings  of  Darwin's 
mind.  They  contain  no  frogs,  and 
no  mammal  save  a  mouse,  brought  to 
them,  no  doubt,  by  some  passing 
ship.  The  only  insects  are  beetles, 
which  possess  peculiar  facilities  for 
being  transported  in  the  egg  or  grub 
across  salt  wa.ter  upon  floating  logs. 
There  are  two  kinds  of  snake,  one 
tortoise,  and  four  lizards ,  but,  in 
striking  contrast  to  this  extreme  pov- 
erty of  terrestrial  forms,  there  are  at 
least  fifty-five  distinct  species  of  na- 
tive birds.  A  few  snails  complete  the 
list.  Now  most  of  these  animals, 
though  closely  resembling  the  fauna 
of  Ecuador,  the  nearest  mainland,  are 
specifically  distinct ;  they  have  varied 
(as  we  now  know)  from  their  conti- 
nental types  owing  to  natural  selec- 
tion under  the  new  circumstances  in 
which  they  have  been  placed.  But 
Darwin  had  not  yet  evolved  that  po- 
tent key  to  the  great  riddle  of  organic 
existence.  He  saw  the  problem,  but 
not  its  solution.  "  Most  of  the  or- 
ganic productions,"  he  says  plainly. 
"  are  aboriginal  creations,  found  no- 
where else  ;  there  is  even  a  difference 
between  the  inhabitants  of  the  differ- 
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ent  islands:  yet  all  show  a  marked 
relationship  with  those  of  America, 
though  separated  from  that  continent 
by  an  open  space  of  ocean,  between 
500  and  600  miles  in  width.  .  .  . 
Considering  the  small  size  of  these 
islands,  we  feel  the  more  astonished 
at  the  number  of  their  aboriginal  be- 
ings, and  at  their  confined  range. 
Seeing  every  height  crowned  with  its 
crater,  and  the  boundaries  of  most  of 
the  lava-streams  still  distinct,  we  are 
led  to  believe  that  within  a  period 
geologically  recent  the  unbroken  sea 
was  here  spread  out.  Hence,  both  in 
space  and  time  we  seem  to  be  brought 
somewhat  nearer  to  that  great  fact — 
that  mystery  of  mysteries — the  first 
appearance  of  new  beings  on  this 
earth."  Among  the  most  singular  of 
these  zoological  facts  may  be  men- 
tioned the  existence  in  the  Galapagos 
archipelago  of  a  genus  of  gigantic 
and  ugly  lizard,  the  amblyrhyncus, 
unknown  elsewhere,  but  here  assum- 
ing the  forms  of  two  species,  the  one 
marine  and  the  other  terrestrial.  In 
minuter  points,  the  differences  of 
fauna  and  flora  between  the  various 
islands  are  simply  astounding,  so  as 
to  compel  the  idea  that  each  form 
must  necessarily  have  been  developed 
not  merely  for  the  group,  but  for  the 
special  island  which  it  actually  in- 
habits. No  wonder  that  Darwin 
should  say  in  conclusion,  "  One  is  as- 
tonished at  the  amount  of  creative 
force,  if  such  an  expression  may  be 
used,  displayed  on  these  small,  bar- 
ren, and  rocky  islands  ;  and  still  more 
so  at  its  diverse,  yet  analogous,  action 
on  points  so  near  each  other."  Here 
again,  in  real  earnest,  the  young  ob- 
server trembles  visibly  on  the  very 
verge  of  natural  selection.  In  the 
"Origin  of  Species"  he  makes  full 
use,  more  than  once,  of  the  remark- 
able facts  he  observed  with  so  much 
interest  in  these  tiny,  isolated  oceanic 
specks  of  the  American  galaxy. 

57.  From  the  Galapagos  the  "  Bea- 
gle" steered  a  straight  course  for 
Tahiti,  and  Darwin  then  beheld  with 
his  own  eyes  the  exquisite  beauty  of 
the  Polynesian  Islands.  Thence  they 
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sailed  for  New  Zealand,  the  most 
truly  insular  large  mass  of  land  in  the 
whole  world,  supplied  accordingly 
with  a  fauna  and  flora  of  most  sur- 
prising meagerness  and  poverty  of 
species.  In  the  woods,  our  observer 
noted  very  few  birds,  and  he  remarks 
with  astonishment  that  so  big  an 
island — as  large  as  Great  Britain — 
should  not  possess  a  single  living  in- 
digenous mammal,  save  a  solitary  rat 
of  doubtful  origin.  Australia  and 
Tasmania,  with  their  antiquated  and 
stranded  marsupial  inhabitants,  al- 
most completed  the  round  trip. 
Keeling  Island  next  afforded  a  basis 
for  the  future  famous  observations 
upon  coral  reefs ;  and  thence  by 
Mauritius,  St.  Helena,  Ascension,  Ba- 
hia,  Pernambuco,  and  the  beautiful 
Azores,  the  "  Beagle  "  made  her  way 
home  by  slow  stages  to  England, 
which  she  reached  in  safety  on  Oc- 
tober the  2d,  1836.  What  an  ideal 
education  for  the  future  reconstructor 
of  biological  science  !  He  had  now 
all  his  problems  cut  and  dried,  ready 
to  his  hand,  and  he  had  nothing  im- 
portant left  to  do — except  to  sit  down 
quietly  in  his  study,  and  proceed  to 
solve  them.  Observation  and  collec- 
tion had  given  him  one  half  the  sub- 
ject-matter of  the  "Origin  of  Spe- 
cies " ;  reflection  and  Malthus  were 
to  give  him  the  other  half.  Never 
had  great  mind  a  nobler  chance : 
never,  again,  had  noble  chance  a 
great  mind  better  adapted  by  nature 
and  heredity  to  make  the  most  of  it. 
The  man  was  not  wanting  to  the  op- 
portunity, nor  was  the  opportunity 
wanting  to  the  man.  Organism  and 
environment  fell  together  into  perfect 
harmony ;  and  so,  by  a  lucky  combi- 
nation of  circumstances,  the  secret  of 
the  ages  was  finally  wrung  from  not 
unwilling  nature  by  the  far-seeing  and 
industrious  volunteer  naturalist  of  the 
"  Beagle  "  expedition. 

58.  It  would  be  giving  a  very  false 
idea  of  the  interests  which  stirred 
Charles  Darwin's  mind  during  his 
long  five  years'  voyage,  however,  if 
we  were  to  dwell  exclusively  upon  the 
biological  side  of  his  numerous  obser- 
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vations  on  that  memorable  cruise. 
Ethnology,  geology,  oceanic  phenom- 
ena, the  height  of  the  snow-line,  the 
climate  of  the  Antarctic  islands,  the 
formation  of  icebergs,  the  transport  of 
boulders,  the  habits  and  manners  en- 
gendered by  slavery,  all  almost  equally 
aroused  in  their  own  way  the  young 
naturalist's  vivid  interest.  Nowhere 
do  we  get  the  faintest  trace  of  narrow 
specialism  ;  nowhere  are  we  cramped 
within  the  restricted  horizon  of  the 
mere  vulgar  beetle-hunter  and  butter- 
fly-catcher. The  biologist  of  the 
"  Beagle  "  had  taken  the  whole  world 
of  science  for  his  special  province. 
Darwin's  mind  with  all  its  vastness 
was  not,  indeed,  profoundly  analytical. 
The  task  of  working  out  the  psycolog- 
ical  and  metaphysical  aspects  of  evo- 
lution fell  rather  to  the  great  organiz- 
ing and  systematizing  intellect  of  Her- 
bert Spencer.  But  within  the  realm 
of  material  fact,  and  of  the  widest 
possible  inferences  based  upon  such 
fact,  Darwin's  keen  and  comprehen- 
sive spirit  ranged  freely  over  the  whole 
illimitable  field  of  nature.  "  No  one," 
says  Buckle  with  unwonted  felicity, 
"  can  have  a  firm  grasp  of  any  science 
if,  by  confining  himself  to  it,  he  shuts 
out  the  light  of  analogy.  He  may, 
no  doubt,  work  at  the  details  of  his 
subject ;  he  may  be  useful  in  adding 
to  its  facts ;  he  will  never  be  able  to 
enlarge  its  philosophy.  For  the  phi- 
losophy of  every  department  depends 
on  its  connection  with  other  depart- 
ments, and  must  therefore  be  sought 
at  their  points  of  contact.  It  must  be 
looked  for  in  the  place  where  they 
touch,  and  coalesce  :  it  lies,  not  in  the 
center  of  each  science,  but  on  the  con- 
fines and  margin."  This  profound 
truth  Darwin  fully  and  instinctively 
realized.  It  was  the  all-embracing 
catholicity  of  his  manifold  interests 
that  raised  him  into  the  greatest  pure 
biologist  of  all  time,  and  that  enabled 
him  to  co-ordinate  with  such  splendid 
results  the  raw  data  of  so  many  dis- 
tinct and  separate  sciences.  And 
even  as  early  as  the  days  of  the  cruise 
in  the  "  Beagle,"  that  innate  catholicity 
had  already  asserted  itself  in  full 


vigor.  Now  it  is  a  party  of  Gauchos 
throwing  the  bola  that  engages  for 
the  moment  his  eager  attention  ;  and 
now  again  it  is  a  group  of  shivering 
Fuegians,  standing  naked  with  their 
long  hair  streaming  in  che  wind  on  a 
snowy  promontory  of  their  barren 
coast.  Here  he  examines  the  tubular 
lightning-holes  melted  in  the  solid 
rock  of  Maldonado  by  the  electric 
energy  ;  and  there  he  observes  the 
moving  boulder-streams  that  course 
like  torrents  down  the  rugged  corries 
of  the  Falkland  Islands.  At  one  time 
he  works  upon  the  unstudied  geology  of 
the  South  American  Pampas  ;  at  an- 
other, he  inspects  the  now  classical 
lagoon  and  narrow  fringing  reef  of 
the  Keeling  archipelago.  Everywhere 
he  sees  whatever  of  most  noteworthy 
in  animate  or  inanimate  nature  is 
there  to  be  seen  ;  and  everywhere  he 
draws  from  it  innumerable  lessons,  to 
be  applied  hereafter  to  the  special 
field  of  study  upon  which  his  intense 
and  active  energies  were  finally  con- 
centrated. It  is  not  too  much  to  say, 
indeed,  that  it  was  the  voyage  of  the 
"  Beagle  "  which  gave  us  in  the  last 
resort  the  "  Origin  of  Species "  and 
its  great  fellow  the  "  Descent  of 
Man." 


CHAPTER  V. 

THE   PERIOD   OF   INCUBATION. 

59.  WHEN  Charles  Darwin  landed 
in  England  on   his  return    from   the 
voyage    of    the    "  Beagle "    he    was 
nearly  twenty-eight.     When  he   pub- 
lished the  first  edition  of  the  "  Origin 
of  Species  "  he  was  over  fifty.     The 
intermediate  years,  though  much  oc- 
cupied by  many  minor  works  of  deep 
specialist  scientific  importance,  were 
still  mainly  devoted  to  collecting  ma- 
terial for  the  one  crowning  effort  of 
his   life,  the    chief  monument  of  his 
great  co-ordinating  and  commanding 
intellect — the  settlement  of  the  ques- 
tion of  organic  evolution. 

60.  "  There  is  one  thing,"  says  Pro- 
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lessor  Fiske,  "  which  a  man  of  orig- 
inal scientific  or  philosophical  genius 
in  a  rightly  ordered  world  should 
never  be  called  upon  to  do.  He 
should  never  be  called  upon  to  earn 
a  living ;  for  that  is  a  wretched  waste 
of  energy,  in  which  the  highest  intel- 
lectual power  is  sure  to  suffer  serious 
detriment,  and  runs  the  risk  of  being 
frittered  away  into  hopeless  ruin." 
From  this  unhappy  necessity  Charles 
Darwin,  like  his  predecessor  Lyell, 
was  luckily  free.  He  settled  down 
early  in  a  home  of  his  own,  and 
worked  away  at  his  own  occupations, 
with  no  sordid  need  for  earning  the 
day's  bread,  but  with  perfect  leisure 
to  carry  out  the  great  destiny  for 
which  the  chances  of  the  universe  had 
singled  him  out.  His  subsequent  his- 
tory is  the  history  of  his  wonderful 
and  unique  contributions  to  natural 
science. 

61.  The  first  thing  to  be  done,  of 
course,  was  the  arrangement  and  clas- 
sification of  the  natural  history  spoils 
gathered  during  the  cruise,  and  the 
preparation  of  his  own  journal  of  the 
voyage  for  publication.  The  strict 
scientific  results  of  the  trip  were  de- 
scribed in  the  "  Zoology  of  the  Voy- 
age of  the  '  Beagle,' "  the  different 
parts  of  which  were  undertaken  by 
rising  men  of  science  of  the  highest 
distinction,  under  Charles  Darwin's 
own  editorship.  Sir  Richard  Owen 
took  in  hand  the  fossil  mammals , 
Waterhouse  arranged  their  living  al- 
lies ;  Gould  discussed  the  birds, 
Jenyns  the  fish,  and  Bell  the  amphib- 
ians and  reptiles.  In  this  vast  co- 
operative publication  Darwin  thus 
obtained  the  assistance  of  many 
among  the  most  competent  specialists 
in  the  England  of  his  day,  and  learned 
to  understand  his  own  collections  by 
the  light  thrown  upon  them  from  the 
focused  lamps  of  the  most  minute 
technical  learning.  As  for  the  jour- 
nal, it  was  originally  published  with 
the  general  account  of  the  cruise  by 
Captain  Fitzroy  in  1839,  but  was 
afterwards  set  forth  in  a  separate 
form  under  the  title  of  "  A  Natural- 
ist's Voyage  Round  the  World." 


62.  But  while  Darwin  was  thus  en- 
gaged   in    arranging    and    classifying 
the  animals  and  plants  he  had  brought 
home  with  him,  the  germs  of  those 
inquiring   ideas    about    the    origin  of 
species  which  we   have    already   ob- 
served in   his  account  of  the  voyage, 
were  quickening  into  fresh  life  within 
him.     As  he  ruminated  at  his  leisure 
over  the  results  of  his  accumulations. 
he  was  beginning  to  work  upon  the 
great  problem   with  the  definite  and 
conscious     resolution   of    solving   it. 
"  On  my  return  home,  it  occurred  to 
me,"   he  says,  "  in   1837,   that  some- 
thing might  perhaps  be  made  out  on 
this  question  by  patiently  accumulat- 
ing and  reflecting  on  all  sorts  of  facts 
which  could  possibly  have  any  bear- 
ing on  it.     After  five  years'  work,  I 
allowed  myself   to   speculate   on  the 
subject,     and   drew   up    some    short 
notes ;  these  I  enlarged  in  1844  into 
a  sketch  of  the  conclusions  that  then 
seemed   to   me  probable  ;  from    that 
period   to   the  present   day  [1859]   I 
have  steadily  pursued  the  same  ob- 
ject.    I  hope  that  I  may  be  excused 
for  entering  on  these  personal  details, 
as  I  give  them  to  show  that  I  have 
not   been   hasty  in   coming  to  a  de- 
cision." 

63.  So  Darwin  wrote  at  fifty.    The 
words  are  weighty  and  well  worthy  of 
consideration.      They   give   us   in    a 
nutshell  the  true  secret  of  Darwin's 
success   in   compelling   the  attention 
and  assent  of   his  contemporaries  to 
his  completed  theory.     For  specula- 
tions  and   hypotheses   like    those  of 
Lamarck  and  Erasmus  Darwin,  how- 
ever brilliant  and  luminous  they  may 
be,    the    hard,    dry,    scientific    mind 
cares,  as   a   rule,  less   than   nothing. 
Men     of     genius     and    insight    like 
Goethe  and  Oken  may,  indeed,  seize 
greedily  upon  the   pregnant   sugges- 
tion ;  their  intellects  are  already  at- 
tuned by  nature  to  its  due  reception 
and  assimilation ;  but  the  mere  but- 
terfly-catchers   and   plant-hunters   of 
the  world,  with  whom   after  all  rests 
ultimately  the  practical  acceptance  or 
rejection  of  such  a  theory,  can  only 
be    convinced    by    long   and    patient 
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accumulations  of  facts,  by  infinite  in- 
stances and  endless  examples,  by  ex- 
haustive   surveys  of   the  whole  field 
of  nature  in  a  thousand  petty  details 
piecemeal.     They  have  to  be  driven 
by    repeated    beating    into   the    right 
path.      Everywhere   they   fancy   they 
see   the    loophole   of    an    objection, 
which  must  be  carefully  closed  before- 
hand against  them  with  anticipatory 
argument,  as  we  close  hedges  by  the 
wayside  against  the  obtrusive  donkey 
with    a   cautious    bunch     of    thorny 
brambles.     Even  if  Charles    Darwin 
had  hit  upon  the  fundamental  idea  of 
natural  selection,  and  had  published 
it,  as  Wallace  did,  in  the  form  of  a 
mere  splendid  aperfu,  he  would  never 
have    revolutionized     the     world    of 
biology.     When   the   great  discovery 
was  actually  promulgated,  it  was  easy 
enough   to  win   the    assent  of   philo- 
sophical thinkers  like  Herbert  Spen- 
cer; easy  enough,   even,  to  gain  the 
ready  adhesion  of  non-biological  but 
kindred   minds,   like  Leslie  Stephen's 
and  John  Morley's  ;   those  might  all, 
perhaps,  have  been  readily  convinced 
by  far  less  heavy  and   crushing  artil- 
lery than  that  so  triumphantly  mar- 
shaled  together    in    the    "  Origin    of 
Species."     But  in  order  to  command 
the   slow  and  grudging   adhesion  of 
the  rank  and  file  of  scientific  workers, 
the  "  hodmen  of  science,"  as  Profes- 
sor Huxley  calls  them,  it  was  needful 
to  bring  together  an  imposing  array 
of   closely   serried    facts,    to    secure 
every  post  in  the  rear  before  taking  a 
single  step  onward,   and  to  bring  to 
bear  upon  every  antagonist  the  exact 
form  of  argument  with  which  he  was 
already  thoroughly  familiar.     It  was 
by  carefully  pursuing  these  safe  and 
cautious    philosophical     tactics     that 
Charles  Darwin  gained  his  great  vic- 
tory.    Where  others    were   pregnant, 
he  was  cogent.     He   met  the  Dryas- 
dusts of  science  on  their  own  ground, 
and  he  put  them  fairly  to  flight  with 
their  own  weapons.     More  than  that, 
he  brought  them  all  over,  in  the  long 


run,  as  deserters  into 
and   converted    them 


his  own  camp, 
from   doubtful 


and  suspicious  foes  into  warm  adher- 
ents of  the  evolutionary  banner. 

64.  Moreover,  fortunately  for   the 
world,  Darwin's  own  mind  was  essen- 
tially one  of  the  inductive  type.     If  a 
great  deductive  thinker  and  specula- 
tor  like    Herbert    Spencer    had    hit 
upon  the  self- same  idea  of  survival  of 
the  fittest,  he   might  have  communi- 
cated it  to  a  small  following  of  recep- 
tive disciples,  who  would  have  under- 
stood it  and  accepted  it,  on  a  priori 
grounds  alone,  and  gradually  passed 
it   on  to  the  grades  beneath   them  ; 
but  he  would  never  have  touched  the 
slow  and  cautious  elephantine  intel- 
lect of  the  masses.     The  common  run 
of  mankind  are  not  deductive  ;  they 
require  to  have  everything  made  quite 
clear   to   them   by   example   and   in- 
stance.    The   English  intelligence  in 
particular  shows  itself,  as  a  rule,  con- 
genitally    incapable   of    appreciating 
the  superior   logical  certitude  of  the 
deductive  method.     Englishmen  will 
not  even  believe  that  the  square  on 
the  hypotenuse  is  equal  to  the  squares 
on   the   containing    sides   until   they 
have  measured  and  weighed  as  well 
as  they  are  able  by  rude   experiment- 
al  devices   a  few  selected  pieces  of 
rudely  shaped  rectangular  paper.     It 
was  a  great  gain,  therefore,  that  the 
task  of  reconstructing  the  course  of 
organic  evolution  should  fall  to  the 
lot  of  a  highly  trained  and  masterly 
intelligence   of   the   inductive   order. 
Darwin  had  first  to  convince  himself, 
and  then  he  could  proceed   to  con- 
vince the  world.     He  set  about  the 
task  with  characteristic  patience  and 
thoroughness.      No   man    that    ever 
lived  possessed  in  a  more  remarkable 
degree  than  he  did  the  innate  capac- 
ity for  taking  trouble.     For  five  years, 
as   a   mere    preliminary,  he  accumu- 
lated facts  in  immense  variety,  and 
then   for   the   first   time   and   in  the 
vaguest    possible   way   he   "  allowed 
himself   to   speculate."     That  brings 
us  down  to  the  year  1842,  when  the 
first  notes  of  the  "Origin  of  Species  " 
must  have  been  tentatively  committed 
to  paper.     It  was   in   1859   that  the 
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first  edition  of  the  complete  work  was 
given  to  the  world.  Compare  this 
with  the  case  of  Newton,  who  sim- 
ilarly kept  his  grand  idea  of  gravita- 
tion for  many  years  in  embryo,  until 
more  exact  measurements  of  the 
moon's  mass  and  distance  should  en- 
able him  to  verify  it  to  his  own  satis- 
faction. 

65.  One  other  item  of  immense  im- 
portance  in  the  genesis  of   the  full 
Darwinian  doctrine  deserves  mention 
here — I  mean,  the  exact  moment  of 
time  occupied  by  Charles  Darwin  in 
the   continuous   history   of    scientific 
thought.     A  generation  or  two  earlier, 
in    Erasmus  Darwin's   days,   biology 
had  not  yet  arrived  at  the  true  classi- 
fication of  animals  and  plants  upon  an 
•essentially    hereditary    basis.       The 
Linnaean    arrangement,   then   univer- 
sally accepted,  was  wholly  artificial  in 
its  main  features ;  it  distributed  spe- 
•cies  without  regard  to   their  funda- 
mental likenesses  of  structure  and  or- 
ganization.    But  the  natural  system 
of  Jussieu  and   De  Candolle,  by  ar- 
ranging   plants     into    truly    related 
groups,  made  possible  the  proofs  of 
an  order  of  affiliation  in  the  vegetable 
kingdom ;  while  Cuvier's  similar  re- 
construction of  the  animal  world  gave 
a  like   foothold   to   the   evolutionary 
philosopher  in  the  other  great  depart- 
ment of  organic  nature.     The  recog- 
nition of  kinship  between  the  various 
members  of  the   same  family  neces- 
sarily preceded  the  establishment  of  a 
regular  genealogical  theory  of  life  in 
its  entirety. 

66.  Though  we  are  here  concerned 
mainly    with    Charles     Darwin     the 
thinker  and  writer — not  with  Charles 
Darwin   the   husband  and   father — a 
few  words  of   explanation  as  to  his 
private  life  must  necessarily  be  added 
at  the  present  point,  before  we  pass 
on  to  consider  the  long,  slow,  and  cau- 
tious brewing  of  that  wonderful  work, 
the  "  Origin  of  Species."     Darwin  re- 
turned home  from  the  voyage  of  the 
"  Beagle  "  at  the  end  of  the  year  1836. 
Soon  after,  he  was  elected  a  Fellow 
of  the  Royal  Society,  no  doubt  through 
the  influence  of  his  friend  Lyell,  who 


was  quite  enthusiastic  over  his  splen- 
did geological  investigations  on  the 
rate  of  elevation  in  the  Pampas  and 
the  Cordillera.  Acting  on  Lyell's  ad- 
vice, too,  he  determined  to  seek  no 
official  appointment,  but  to  devote 
himself  entirely  for  the  rest  of  his  life 
to  the  pursuit  of  science.  In  1838,  at 
the  age  of  twenty-nine,  he  read  before 
the  Geological  Society  his  paper  on 
the  "  Connection  of  Volcanic  Phe- 
nomena with  the  Elevation  of  Moun- 
tain Chains,"  when,  says  Lyell  admir- 
ingly, in  a  private  letter,  "  he  opened 
upon  De  la  Beche,  Phillips,  and  oth- 
ers"— the  veterans  of  the  science — 
"  his  whole  battery  of  the  earthquakes 
and  volcanoes  of  the  Andes."  Shortly 
after,  the  audacious  young  man  was 
appointed  secretary  to  the  Geological 
Society,  a  post  which  he  filled  when 
the  voyage  of  the  *'  Beagle  "  was  first 
published  in  1839. 

67.  In  the  early  part  of  that  same 
year,  the  rising  naturalist  took  to  him- 
self a  wife  from  one  of  the  houses  to 
which  he  himself  owed  no  small  part 
of  his  conspicuous  greatness.  His 
choice  fell  upon  his  cousin,  Miss 
Emma  Wedgwood,  daughter  of  Josiah 
Wedgwood,  of  Maer  Hall  ;  and,  after 
three  years  of  married  life  in  London, 
he  settled  at  last  at  Down  House,  near 
Orpington,  in  Kent,  where  for  the  rest 
of  his  days  he  passed  his  time  among 
his  conservatories  and  his  pigeons, 
his  garden  and  his  fowls,  with  his  chil- 
dren growing  up  quietly  beside  him, 
and  the  great  thinking  world  of  Lon- 
don within  easy  reach  of  a  few  min- 
utes' journey.  His  private  means  en- 
abled him  to  live  the  pleasant  life  of 
an  English  country  gentleman,  and 
devote  himself  unremittingly  to  the 
pursuit  of  science.  Ill  health,  indeed, 
interfered  sadly  with  his  powers  of 
work ;  but  system  and  patience  did 
wonders  during  his  working  days, 
which  were  regularly  parceled  out  be- 
tween study  and  recreation,  and  util- 
ized and  economized  in  the  very  high- 
est possible  degree.  Early  to  bed  and 
early  to  rise,  wandering  unseen  among 
the  lanes  and  paths,  or  riding  slowly 
on.  his  favorite  black  cob,  the  great 
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naturalist  passed  forty  years  happily 
and  usefully  at  Down,  where  all  the 
village  knew  and  loved  him.  A  man 
of  singular  simplicity  and  largeness  of 
heart,  Charles  Darwin  never  really 
learnt  to  know  his  own  greatness. 
And  that  charming  innocence  and  ig- 
norance of  his  real  value  made  the 
value  itself  all  the  greater.  His  moral 
qualities,  indeed,  were  no  less  admi- 
rable and  unique  in  their  way  than  his 
intellectual  faculties.  To  that  charm- 
ing candor  and  delightful  unostenta- 
tiousness  which  everybody  must  have 
noticed  in  his  published  writings,  he 
united  in  private  life  a  kindliness  of 
disposition,  a  width  of  sympathy,  and 
a  ready  generosity  which  made  him  as 
much  beloved  by  his  friends  as  he  was 
admired  and  respected  by  all  Europe. 
The  very  servants  who  came  beneath 
his  roof  stopped  there  for  the  most 
part  during  their  whole  lifetime.  In 
his  earlier  years  at  Down,  the  quiet 
Kentish  home  was  constantly  enliv- 
ened by  the  visits  of  men  like  Lyell, 
Huxley,  Hooker,  Lubbock,  and  Wal- 
laston.  During  his  later  days,  it  was 
the  Mecca  of  a  world-wide  scientific 
and  philosophic  pilgrimage,  where  all 
the  greatest  men  our  age  has  pro- 
duced sought  at  times  the  rare  honor 
of  sitting  before  the  face  of  the  im- 
mortal master.  But  to  the  very  last 
Darwin  himself  never  seemed  to  dis- 
cover that  he  was  anything  more  than 
just  an  average  man  of  science  among 
his  natural  peers. 

68.  Shortly  after  Darwin  went  to 
Down  he  began  one  long  and  memor- 
able experiment,  which  in  itself  casts 
a  flood  of  light  upon  his  patient  and 
painstaking  method  of  inquiry.  Two 
years  before,  he  had  read  at  the  Geo- 
logical Society  a  paper  on  the  "  For- 
mation of  Mould,"  which  more  than 
thirty  years  later  he  expanded  into  his 
famous  treatise  on  the  "  Action  of 
Earthworms."  His  uncle  and  father- 
in-law,  Josiah  Wedgwood,  suggested 
to  him  that  the  apparent  sinking  of 
stones  on  the  surface  might  really  be 
due  to  earthworm  castings.  So,  as 
soon  as  he  had  some  land  of  his  own 
to  experiment  upon,  he  began,  in 
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1842,  to  spread  broken  chalk  over  a 
field  at  Down,  in  which,  twenty- nine 
years  later,  in  1871,  a  trench  was  dug 
to  test  the  results.  What  other  natu- 
ralist ever  waited  so  long  and  so  pa- 
tiently to  discover  the  upshot  of  a  sin- 
gle  experiment  ?  Is  it  wonderful  that 
a  man  who  worked  like  that  should 
succeed,  not  by  faith  but  by  logical 
power,  in  removing  mountains  ? 

69.  Unfortunately,  we  do  not  know 
the  exact  date  when  Darwin  first  read 
Malthus.  But  that  the  perusal  of 
that  remarkable  book  formed  a  crisis 
and  turning-point  in  his  mental  devel- 
opment we  know  from  his  own  distinct 
statement  in  a  letter  to  Haeckel,  pre- 
fixed to  the  brilliant  German  evolu- 
tionist's "  History  of  Creation."  "  It 
seemed  to  me  probable,"  says  Darwin, 
speaking  of  his  own  early  develop- 
ment, "  that  allied  species  were  de- 
scended from  a  common  ancestor. 
But  during  several  years  I  could  not 
conceive  how  each  form  could  have 
been  modified  so  as  to  become  admi- 
rably adapted  to  its  place  in  nature. 
I  began  therefore  to  study  domesti- 
cated animals  and  cultivated  plants, 
and  after  a  time  perceived  that  man's 
power  of  selecting  and  breeding  from 
certain  individuals  was  the  most  pow- 
erful of  all  means  in  the  production 
of  new  races.  Having  attended  to 
the  habits  of  animals  and  their  rela- 
tions to-  the  surrounding  conditions,  I 
was  able  to  realize  the  severe  struggle 
for  existence  to  which  all  organisms 
are  subjected  ;  and  my  geological  ob- 
servations had  allowed  me  to  appre- 
ciate to  a  certain  extent  the  duration 
of  past  geological  periods.  With  my 
mind  thus  prepared  I  fortunately  hap- 
pened to  read  Malthus's  "  Essay  on 
Population ;  "  and  the  idea  of  natural 
selection  through  the  struggle  for  ex- 
istence at  once  occurred  to  me.  Of 
all  the  subordinate  points  in  the  the- 
ory, the  last  which  I  understood  was 
the  cause  of  the  tendency  in  the  de- 
scendants from  a  common  progenitor 
to  diverge  in  character. 

It  is  impossible,  indeed,  to  overrate 
the  importance  of  Malthus,  viewed  as 
a  schoolmaster  to  bring  men  to  Dar- 
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win,  and  to  bring  Darwin  himself  to 
the  truth.  Without  the  "  Essay  on 
the  Principle  of  Population "  it  is 
quite  conceivable  that  we  should 
never  have  had  the  "Origin  of  Spe- 
cies "  or  the  "  Descent  of  Man." 

70.  At  the  same  time,  Darwin  had 
not  been  idle  in  other  departments  of 
scientific  work.  Side  by  side  with 
his  collections  for  his  final  effort  he 
had  been  busy  on  his  valuable  treatise 
upon  Coral  Reefs,  in  which  he  proved, 
mainly  from  his  own  observations  on 
the  Keeling  archipelago,  that  atolls 
owe  their  origin  to  a  subsidence  of 
the  supporting  ocean-floor,  the  rate  of 
upward  growth  of  the  reefs  keeping 
pace  on  the  whole  with  the  gradual 
depression  of  the  sea-bottom.  "  No 
more  admirable  example  of  scientific 
method,"  says  Professor  Geikie  forty 
years  later,  "  was  ever  given  to  the 
world;  and  even  if  he  had  written 
nothing  else,  this  treatise  alone  would 
have  placed  Darwin  in  the  very  front 
of  investigators  of  nature."  But, 
from  our  present  psychological  and 
historical  point  of  view,  as  a  moment 
in  the  development  of  Darwin's  in- 
fluence, and  therefore  of  the  evolu- 
tionary impulse,  in  general,  it  pos- 
sesses a  still  greater  and  more  pro- 
found importance,  because  the  work 
in  which  the  theory  is  unfolded  forms 
a  perfect  masterpiece  of  thorough 
and  comprehensive  inductive  method, 
and  gained  for  its  author  a  well-de- 
served reputation  as  a  sound  and 
sober  scientific  inquirer.  The  acqui- 
sition of  such  a  reputation,  afterward 
increased  by  the  publication  of  the 
monograph  on  the  Family  Cirripedia 
(in  1851),  proved  of  immense  use  to 
Charles  Darwin  in  the  fierce  battle 
which  was  to  rage  around  the  un- 
conscious body  of  the  "  Origin  of 
Species."  To  be  "  sound  "  is  every- 
where of  incalculable  value ;  to  have 
approved  oneself  to  the  slow  and 
cautious  intelligence  of  the  Philistine 
classes  is  a  mighty  spear  and  shield 
for  a  strong  man  ;  but  in  England, 
and  above  all  in  scientific  England,  it 
is  absolutely  indispensable  to  the 
thinker  who  would  accomplish  any 


great  revolution.  Soundness  is  to  the 
world  of  science  what  respectability 
is  to  the  world  of  business — the  sine 
qua  non  for  successfully  gaining  even 
a  hearing  from  established  person 
ages. 

71.  To  read  the  book  on  Coral  Reefs 
is  indeed  to  take  a  lesson  of  the  deep- 
est value  in  applied  inductive  canons. 
Every  fact  is  duly  marshaled ;  every 
conclusion  is  drawn  by  the  truest  and 
most  legitimate  process  from  careful 
observation    or    crucial    experiment. 
Bit  by  bit,  Darwin  shows  most  admir- 
ably that,  through  gradual  submerg- 
ence,  fringing    reefs    are   developed 
into    barrier-reefs,    and    these    again 
into  atolls  or  lagoon  islands ;  and  in- 
cidentally he  throws  a  vivid  light  on 
the  slow  secular  movements  upward 
or  downward  forever  taking  place   in 
the  world's  crust.     But  the  value  of 
the  work  as  a  geological  record,  great 
as  it  is,  is  as  nothing  compared  with 
its  value  as  a  training  exercise  in  in- 
ductive    logic.       Darwin     was     now 
learning  by  experience  how  to  use  his 
own  immense  powers. 

72.  Meanwhile,  the  environment  too 
had  been  gradually  moving.     In  1832, 
the  year  after  young  Darwin  set  out 
upon  his  cruise,  Lyell  published  the 
first    edition    of    his   "Principles   of 
Geology,"    establishing   once   for   all 
the   uniformitarian    concept   of    that 
branch  of  science.     In  1836,  the  year 
when  he  returned,  Rafinesque,  in  his 
"  New  Flora  of  North  America,"  had 
accepted    within    certain     cramping 
limits  the  idea  that  "  all  species  might 
once   have   been   varieties,  and  that 
many  varieties  are  gradually  becom- 
ing species  by  assuming  constant  and 
peculiar   characters."     Haldeman    in 
Philadelphia,  and  Grant  at  University 
College,  London,  were  teaching  from 
their  professorial  chairs  the  self-same 
novel  and  revolutionary  doctrine.     At 
last,  in  1844,  Robert  Chambers  pub- 
lished  anonymously  his  famous   and 
much-debated     "Vestiges    of    Crea- 
tion," which  brought  down  the  ques- 
tion of  evolution  versus  creation  from 
the  senate  of  savants  to  the  arenn  of 
the  mere  general  public,  and  set  up 
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at  once  a  universal  fever  of  inquiry 
into  the  mysterious  question  of  the 
origin  of  species.  Chambers  himself 
was  a  man  rather  of  general  knowl- 
edge and  some  native  philosophical 
insight  than  of  any  marked  scientific 
accuracy  or  depth.  His  work  in  its 
original  form  displayed  comparatively 
little  acquaintance  with  the  vast 
groundwork  of  the  question  at  issue 
— zoological,  botanical,  geological, 
and  so  forth — and  in  Charles  Dar- 
win's own  opinion  showed  "a  great 
want  of  scientific  caution."  But  its 
graphic  style,  its  vivid  picturesque- 
ness,  and  to  the  world  at  large  the 
startling  novelty  of  its  brilliant  and 
piquant  suggestions,  made  it  burst  at 
once  into  an  unwonted  popularity  for 
a  work  of  so  distinctly  philosophical 
a  character.  In  nine  years  it  leaped 
rapidly  through  no  less  than  ten  suc- 
cessive editions,  and  remained  until 
the  publication  of  the  "Origin  of 
Species "  the  chief  authoritative  ex- 
ponent in  England  of  the  still  strug- 
gling evolutionary  principle. 

73.  The  "  Vestiges  of  Creation  "  may 
be  succinctly  described  as  Lamarck 
and  water,  the  watery  element  being 
due  in  part  to  the  unnecessary  obtru- 
sion (more  Scoticd)  of  a  metaphysical 
and  theological  principle  into  the 
physical  universe.  Chambers  him- 
self, in  his  latest  edition  (before  the 
book  was  finally  killed  by  the  advent 
of  Darwinism),  thus  briefly  describes 
his  main  concepts:  "The  several 
series  of  animated  beings,  from  the 
simplest  and  oldest  up  to  the  highest 
and  most  recent,  are,  under  the  prov- 
idence of  God,  the  results,  first,  of  an 
impulse  which  has  been  imparted  to 
the  forms  of  life,  advancing  them  in 
definite  times,  by  generation,  through 
grades  of  organization,  terminating 
in  the  highest  dicotyledons  and  verte- 
brata,  these  grades  being  few  in  num- 
ber, and  generally  marked  by  inter- 
vals of  organic  character,  which  we 
find  to  be  a  practical  difficulty  in 
ascertaining  affinities  ;  second,  of  an- 
other impulse  connected  with  the 
vital  forces,  tending,  in  the  course  of 
generations,  to  modify  organic  struct- 


ures in  accordance  with  external  cir- 
cumstances, as  food,  the  nature  of 
the  habitat,  and  the  meteoric  agen- 
cies." Now  it  is  clear  at  once  that 
these  two  supposed  "  impulses  "  are 
really  quite  miraculous  in  their  es- 
sence. They  do  not  help  us  at  all  to 
a  distinct  physical  and  realizable  con- 
ception of  any  natural  agency  where- 
by species  became  differentiated  one 
from  the  other:  They  lay  the  whole 
burden  of  species-making  upon  a 
single  primordial  supernatural  im- 
petus, imparted  to  the  first  living 
germ  by  the  will  of  the  Creator,  and 
acting  ever  since  continuously  it  is 
true,  but  none  the  less  miraculously 
for  all  that.  For  many  creations 
Chambers  substitutes  one  single  long 
creative  nisus:  where  Darwin  saw 
natural  selection,  his  Scotch  prede- 
cessor saw  a  deus  ex  machina,  helping 
on  the  course  of  organic  development 
by  a  constant  but  unseen  interference 
from  above.  He  supposed  evolution 
to  be  predetermined  by  some  intrinsic 
and  externally  implanted  proclivity. 
In  short,  Chambers'  theory  is  La- 
marck's theologized  and  spoilt  in  the 
process. 

74.  The  book  had  nevertheless  a 
most  prodigious  and  perfectly  unpre- 
cedented success.  The  secret  of  its 
authorship  was  keenly  debated  and 
jealously  kept.  The  most  ridiculous 
Surmises  as  to  its  anonymous  origin 
were  everywhere  afloat.  Some  at- 
tributed it  to  Thackeray,  and  some  to 
Prince  Albert,  some  to  Lyell,  some  to 
Sir  John  Herschel,  and  some  to 
Charles  Darwin  himself.  Obscurant- 
ists thought  it  a  wicked  book  ;  "  in- 
tellectual "  people  thought  it  an  ad- 
vanced book.  As  a  matter  of  fact  it 
was  neither  the  one  nor  the  other. 
It  was  just  a  pale  and  colorless  tran- 
script of  the  old  familiar  ideological 
Lamarckism.  Yet  it  did  good  in  its 
generation.  The  public  at  large  were 
induced  by  its  ephemeral  vogue  to  in- 
terest themselves  in  a  question  to 
which  they  had  never  previously  given 
even  a  passing  thought,  though  more 
practiced  biologists  of  evolutionary 
tendencies  were  grieved  at  heart  that 
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mental    process   be 
a   real   conception." 


evolution  should  first  have  been  pop- 
ularly presented  to  the  English  world 
under  so  unscientific,  garbled,  and 
mutilated  a  form.  From  the  philo- 
sophic side,  Herbert  Spencer  found 
"  this  ascription  of  organic  evolution 
to  some  aptitude  naturally  possessed 
by  organisms  or  miraculously  im- 
posed upon  them"  to  be  "one  of 
those  explanations  which  explain 
nothing — a  shaping  of  ignorance  into 
the  semblance  of  knowledge.  The 
cause  assigned,"  he  says,  "  is  not  a 
true  cause — not  a  cause  assimilable 
to  known  causes — not  a  cause  that  can 
be  anywhere  shown  to  produce  analo- 
gous effects.  It  is  a  cause  unrepre- 
sentable in  thought :  one  of  those  ille- 
gitimate symbolic  conceptions  which 
cannot  by  any 
elaborated  into 
From  the  scientific  side,  on  the  other 
hand,  Darwin  felt  sadly  the  inaccu- 
racy and  want  of  profound  technical 
knowledge  everywhere  displayed  by 
the  anonymous  author.  These  things 
might  naturally  cause  the  enemy  to 
blaspheme.  No  worse  calamity,  in- 
deed, can  happen  to  a  great  truth 
than  for  its  defence  to  be  intrusted  to 
inefficient  hands.  Nevertheless,  long 
after,  in  the  "  Origin  of  Species,"  the 
great  naturalist  wrote  with  generous 
appreciation  of  the  "  Vestiges  of  Cre- 
ation." "  In  my  own  opinion  it  has 
done  excellent  service  in  this  country 
in  calling  attention  to  the  subject,  in 
removing  prejudice,  and  in  thus  pre- 
paring the  ground  for  the  reception 
of  analogous  views." 

75.  Still  Darwin  gave  no  sign. 
A  flaccid,  cartilaginous,  unphilosophic 
evolutionism  had  full  possession  of 
the  field  for  the  moment,  and  claimed, 
as  it  were,  to  be  the  genuine  repre- 
sentative of  the  young  and  vigorous 
biological  creed,  while  he  himself  was 
in  truth  the  real  heir  to  all  the  honors 
of  the  situation.  He  was  in  posses- 
sion of  the  master-key  which  alone 
could  unlock  the  bars  that  opposed 
the  progress  of  evolution,  and  still  he 
waited.  He  could  afford  to  wait. 


He  was  diligently  collecting,  amass- 
ing,   investigating;    eagerly    reading 


every  new  systematic  work,  every 
book  of  travels,  every  scientific  jour- 
nal, every  record  of  sport,  or  explora- 
tion, or  discovery,  to  extract  from  the 
dead  mass  of  undigested  fact  what- 
ever item  of  implicit  value  might  swell 
the  definite  co-ordinated  series  of 
notes  in  his  own  common-place  books 
for  the  now  distinctly  contemplated 
"Origin  of  Species."  His  way  was 
to  make  all  sure  behind  him,  to  sum- 
mon up  all  his  facts  in  irresistible 
array,  and  never  to  set  out  upon  a 
public  progress  until  he  was  secure 
against  all  possible  attacks  of  the 
ever-watchful  and  alert  enemy  in  the 
rear.  Few  men  would  have  had 
strength  of  mind  enough  to  resist  the 
temptation  offered  by  the  publication 
of  the  "Vestiges  of  Creation,"  and 
the  extraordinary  success  attained  by 
so  flabby  a  presentation  of  the  evolu- 
tionary case :  Darwin  resisted  it,  and 
he  did  wisely. 

76.  We  may,  however,  take  it  for 
granted,  I  doubt  not,  that  it  was  the 
appearance    and    success   of   Cham- 
bers's    invertebrate    book  which   in- 
duced Darwin,  in  1844  (the  year  of 
its  publication),  to  enlarge  his  short 
notes  "into  a  sketch  of  the  conclu- 
sions which  then  seemed  to  him  prob- 
able."    This  sketch  he  showed  to  Dr. 
(now  Sir  Joseph)  Hooker,  no  doubt  as 
a  precaution  to  ensure  his  own  claim 
of  priority  against  any  future  possible 
competitor.     And  having  thus  eased 
his   mind  for   the  moment,   he   con- 
tinued to  observe,  to  read,  to  devour 
"  Transactions,"  to  collate  instances, 
with  indefatigable  persistence  for  fif- 
teen years  longer.     If  any  man  -men- 
tally measures  out  fifteen  years  of  his 
own   life,  and  bethinks  him   of  how 
long  a   space  it  seems  when  thus  de- 
liberately pictured,  he  will  be  able  to 
realize   a  little   more   definitely — but 
only  a  little — how   profound  was  the 
patience,  the  self-denial,  the  single- 
mindedness     of     Darwin's      intense 
search  after  the  ultimate  truths  of  nat- 
ural science. 

77.  What  was  the  sketch   that  he 
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submitted    to    the  judgment    of   his 
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friend  Hooker  ?  It  was  the  germ  of 
the  theory  of  natural  selection.  Ac- 
cording to  that  theory,  organic  devel- 
opment is  due  to  the  survival  of  the 
fittest  among  innumerable  variations, 
good,  bad,  and  indifferent,  from  one 
or  more  parent  stocks.  Darwin's 
reading  of  Malthus  had  suggested  to 
him  (apparently  as  early  as  the  date 
of  publication  of  the  "  Naturalist's 
Journal  ")  the  idea  that  every  species 
of  plant  and  animal  must  always  be 
producing  a  far  greater  number  of 
seeds,  eggs,  germs,  or  young  offspring 
than  could  possibly  be  needed  for 
the  maintenance  of  the  average  num- 
ber of  the  species.  Of  these  young, 
by  far  the  greater  number  must-  al- 
ways perish  from  generation  to  gener- 
ation, for  want  of  space,  of  food,  of 
air,  of  raw  material.  The  survivors 
in  each  brood  must  be  those  naturally 
best  adapted  for  survival.  The  many 
would  be  eaten,  starved,  overrun,  or 
crowded  out ;  the  few  that  survive 
would  be  those  that  possessed  any 
special  means  of  defence  against  ag- 
gressors, any  special  advantage  for 
escaping  starvation,  any  special  pro- 
tection against  overrunning  or  over- 
crowding foes.  Animals  and  plants, 
Darwin  found  on  inquiry  and  investi- 
gation, tended  to  vary  under  diverse 
circumstances  from  the  parent  or 
parents  that  originally  produced  them. 
These  variations  were  usually  infini- 
tesimal in  amount,  but  sometimes 
more  considerable  or  even  striking. 
If  any  particular  variation  tended  in 
any  way  to  preserve  the  life  of  the 
creatures  that  exhibited  it,  beyond 
the  average  of  their  like  competitors, 
that  variation  would  in  the  long  run 
survive,  and  the  individuals  that  pos- 
sessed it,  being  thus  favored  in  the 
struggle  for  existence,  would  replace 
the  less  adapted  form  from  which 
they  sprang.  Darwinism  is  Malthu- 
sianism  on  the  large  scale  ;  it  is  the 
application  of  the  calculus  of  popula- 
tion to  the  wide  facts  of  universal  life. 
78.  In  one  sense,  indeed,  it  may  be 
said  that,  given  Malthus  on  the  one 
hand  and  the  Lamarckian  evolution- 
ism on  the  other,  some  great  man 


somewhere  must  sooner  or  later,  al- 
most of  necessity,  have  combined  the 
two,  and  hit  out  the  doctrine  of  nat- 
ural selection  as  we  actually  know  it. 
Quite  so ;  but  then  the  point  is  just 
this :  Darwin  was  the  great  man  in 
question  :  he  did  the  work  which  in 
the  very  essence  of  things  some  such 
great  man  was  naturally  and  inevita- 
bly predestined  to  do.  You  can  al- 
ways easily  manage  to  get  on  without 
any  particular  great  man,  provided,  of 
course,  you  have  ready  to  hand  an- 
other equally  able  great  man  by  whom 
to  replace  him  in  the  scheme  of  exist- 
ence. But  how  many  ordinary  nat- 
uralists possess  the  width  of  mind  and 
universality  of  interest  which  would 
prompt  them  to  read,  mark,  learn,  and 
inwardly  digest  a  politico-economical 
treatise  of  the  caliber  of  Malthus? 
How  many,  having  done  so,  have  the 
keenness  of  vision  to  perceive  the  en- 
suing biological  implications?  How 
many,  having  seen  them,  have  the 
skill  and  the  patience  to  work  up  the 
infinite  chaos  of  botanical  and  zoolog- 
ical detail  into  the  far-reaching  gen- 
eralizations of  the  "Origin  of  Spe- 
cies "  ?  Merely  to  have  caught  at  the 
grand  idea  is  in  itself  no  small  achieve- 
ment ;  others  did  so  and  deserve  all 
honor  for  their  insight ;  but  to  flesh  it 
out  with  all  the  minute  care  and  con- 
clusive force  of  Darwin's  masterpiece 
is  a  thousand  times  a  greater  and  no- 
bler monument  of  human  endeavor. 

79.  During  the  fifteen  years  from 
1844  to  1859,  however,  Darwin's  pen 
was  by  no  means  idle.  In  the  first- 
named  year  he  published  his  "  Geolog- 
ical Observations  on  Volcanic  Isl- 
ands"— part  of  the  "  Beagle  "  explora- 
tion series ;  in  1846  he  followed  this  up 
by  his  "Geological  Observations  on 
South  America";  in  1851  he  gave  to 
the  world  his  monograph  on  "  Recent 
Barnacles  "  ;  and  in  1853,  his  treatise 
on  the  fossil  species  of  the  same  fam- 
ily. But  all  these  works  of  restricted 
interest  remained  always  subsidiary  to 
the  one  great  central  task  of  his  en- 
tire lifetime,  the  preparation  of  his 
projected  volume  on  the  Origin  of 
Species. 
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So.  All  through  the  middle  decades 
of  the  century  Darwin  continued   to 
labor  at  his  vast  accumulation  of  il- 
lustrative facts ;  and  side  by  side  with 
his  continuous   toil,  outside   opinion 
kept  paving  the  way  for  the  final  ac- 
ceptance of  his  lucid  ideas.     The  pub- 
lic was  buying  and  reading  all   the 
time  its  ten  editions  of  the  "  Vestiges 
of  Creation."     It  was  slowly  digesting 
Lyell's   "Principles   of  Geology,"  in 
which    the  old   cataclysmic    theories 
were  featly  demolished,  and  the  uni- 
formitarian  conception  of  a  past  grad- 
ually and  insensibly  merging  into  the 
present  was  conclusively  established. 
It  was  getting  accustomed    to   state- 
ments like  those  of  the  younger  St. 
Hilaire,  in  1850,  that  specific  charac- 
ters may  be  modified  by  changes  in 
the   environing    conditions,  and  that 
the  modifications  thus  produced  may 
often  be  of  generic  value — may  make 
a  difference  so  great  that  we  must  re- 
gard the  product  not   merely  as   be- 
longing   to    a    distinct    species    but 
even   to   a   distinct  genus  or  higher 
kind.     In  1852  Herbert  Spencer  pub- 
lished in  the  "  Leader  "  his  remarka- 
ble essay,  contrasting  the  theories  of 
creation  and  evolution,  as  applied  to 
organic   beings,   with   all   the   biting 
force  of  his  profound  intelligence  ;  and 
in  1855,  the  same  encyclopedic  phi- 
losopher   put    forth   the  first   rough 
sketch  of  his  "  Principles  of  Psychol- 
ogy," in  which  he  took   the  lead   in 
treating  the  phenomena  of  mind  from 
the  point  of  view  of  gradual  develop- 
ment.    In   that    extraordinary   work, 
the  philosopher  of  evolution   traced 
the  origin  of  all  mental  powers  and 
faculties  by  slow  gradations  from  the 
very    simplest    subjective    elements. 
The  "  Principles  of  Psychology  "  pre- 
ceded the    "  Origin   of   Species "   by 
nearly  five  years;   the  first  collected 
volume  of  Mr.  Spencer's  essays  pre- 
ceded Darwin's  work  by  some  twelve 
months.     Baden-Powell's  essay  on  the 
"  Philosophy  of  Creation  "  (much  de- 
bated and  condemned  in  ecclesiastical 
circles),  and  Professor  Owen's  some- 
what contradictory  utterances  on  the 
nature  of  types  and  archetypal  ideas, 


also  helped  to  keep  alive  interest  in 
the  problem  of  origins  up  to  the  very 
moment  of  the  final  appearance  of 
Darwin's  great  and  splendid  solution. 
81.  It  is  interesting  during  these 
intermediate  years  to  watch  from  time 
to  time  the  occasional  side-hints  of 
Darwin's  activity  and  of  the  interest 
it  aroused  among  his  scientific  con- 
temporaries. In  1854,  for  example, 
Sir  Charles  Lyell  notes,  after  an  even- 
ing at  Darwin's,  how  Sir  Joseph 
Hooker  astonished  him  with  an  ac- 
count of  that  strange  orchid,  Catase- 
tum,  which  bears  three  totally  distinct 
kinds  of  flowers  on  the  same  plant ; 
"  It  will  figure,"  he  says,  "  in  C.  Dar- 
win's book  on  species,  with  many 
other  'ugly  facts,' as  Hooker,  cling- 
ing like  me  to  the  orthodox  faith,  calls 
these  and  other  abnormal  vagaries." 
On  a  similar  occasion,  a  little  later, 
Lyell  asks,  after  meeting  "  Huxley, 
Hooker  and  Wollaston  at  Darwin's," 
"  After  all,  did  we  not  come  from  an 
ourang?"  Last  of  all,  in  1857,  Dar- 
win himself  writes  an  anticipatory  let- 
ter to  his  American  friend,  Asa  Gray, 
in  which  he  mentions  "  six  points  " — 
the  cardinal  conceptions  of  the  "  Ori- 
in  of  Species."  His  book  is  now 
Fairly  under  weigh ;  he  speaks  of  it 
himself  to  acquaintance  and  corre- 
spondents as  an  acknowledged  pro- 
ject. 

Events  were  growing  ripe  fci  the 
birth.  A  lucky  accident  precipitated 
its  parturition  in  the  course  of  the 
year  1858. 


CHAPTER  VI. 
"THE  ORIGIN  OF  SPECIES."' 

THE  accident  came  in  this  wise  : 

82.  Alfred  Russel  Wallace,  f 
young  Welsh  biologist,  went  out  at 
twenty-four,  in  1848,  to  the  Amazons 
River,  in  company  with  Bates  (the 
author  of  "The  Naturalist  on  the 
Amazons  "),  to  collect  birds  and  but- 
terflies, and  to  study  tropical  life  in 
the  richest  region  of  equatorial  Amer- 
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ica.  Like  all  other  higher  zoologists 
of  their  time,  the  two  young  explorers 
were  deeply  interested  in  the  pro- 
found questions  of  origin  and  meta- 
morphosis, and  of  geographical  distri- 
bution, and  in  the  letters  that  passed 
between  them  before  they  started 
they  avowed  to  one  another  that  the 
object  of  their  quest  was  a  solution  of 
the  pressing  biological  enigma  of 
creation  or  evolution.  Starting  with 
fresh  hopes  and  a  few  pounds  in 
pocket,  on  an  old,  worn-out,  and  un- 
seaworthy  slave-trader,  they  often  dis- 
cussed these  deep  problems  of  life 
and  nature  together  upon  the  Sar- 
gasso sea,  or  among  the  palms  and 
lianas  of  the  Brazilian  woodlands. 
The  air  was  thick  with  whiffs  and 
foretastes  of  evolutionism,  and  the  two 
budding  naturalists  of  the  Amazons 
expedition  had  inhaled  them  eagerly 
with  every  breath.  They  saw  among 
the  mimicking  organisms  of  that 
equatorial  zone  strange  puzzles  to  en- 
gage their  deepest  attention ;  they 
recognized  in  the  veins  and  spots 
that  diversified  the  filmy  membranes 
of  insects'  wings  the  hieroglyphs  of 
nature,  writing  as  on  a  tablet  for 
them  to  decipher  the  story  of  the 
slow  modification  of  species.  In 
1852 — the  year  when  Herbert  Spen- 
cer in  England  published  his  essay 
on  the  "  Development  Hypothesis," 
and  when  Naudin  in  France  put 
forth  his  bold  and  able  paper  on  the 
'•  Origin  of  Species  " — Wallace  once 
more  returned  to  Europe,  and  gave 
to  the  world  his  interesting  "  Travels 
on  the  Amazons  and  the  Rio  Negro." 
Two  years  later  the  indefatigable 
traveler  set  out  a  second  time  on  a 
voyage  of  tropical  exploration,  among 
the  islands  of  the  Malay  archipelago, 
and  for  eight  years  he  wandered 
about  in  Malay  huts  and  remote 
islets,  gathering  in  solitude  and  isola- 
tion the  enormous  store  of  minute 
facts  which  he  afterward  lavished 
with  so  prodigal  a  hand  upon  "  Trop- 
ical Nature,"  and  the  "  Geographical 
Distribution  of  Animals." 

83.    While    Wallace    was    still   at 
Amboyna,  he    sent  home  in   1858  a 


striking  memoir,  addressed  to  Darwin, 
with  a  request  that  he  would  forward 
it  to  Sir  Charles  Lyell,  for  presenta- 
tion to  the  Linnaean  Society.  Darwin 
opened  and  read  his  brother  naturaf- 
ist's  paper,  and  found  to  his  surprise 
that  it  contained  his  own  theory  of 
natural  selection,  not  worked  out  in 
detail,  as  he  himself  was  working  it 
out,  but  still  complete  in  spirit  and 
essence,  with  no  important  portion  of 
the  central  idea  lacking  to  its  full 
rotundity  of  conception.  A  jealous 
man  would  have  thrown  obstacles  in 
the  way  of  publication ;  but  both 
Darwin  and  Wallace  were  born  supe- 
rior to  the  meannesses  of  jealousy. 
The  elder  naturalist  commended  his 
young  rival's  paper  at  once  to  Sir 
Charles  Lyell,  who  sent  it  on  imme- 
diately to  the  Linnaean  Society. 

84.  But  Sir  Charles  Lyell  and  Sir 
Joseph  Hooker,  both  of  whom  knew 
of  Darwin's  work,   thought  it    advis- 
able that  he  should  publish,  in   the 
"  Journal "  of  the  society,  a  few  ex- 
tracts from  his  own  manuscripts,  side 
by  side  with  Wallace's  paper.     Dar- 
win, therefore,  selected  some  essen- 
tial passages  for  the  purpose  from  his 
own   long-gathered    and   voluminous 
notes,  and  the  two  contributions  were 
read  together  before  the  Society  on 
July    the    ist,     1858.     That    double 
communication    marks    the    date   of 
birth  of  modern  evolutionism.     It  is 
to  the  eternal  credit  of  both  thinkers 
that  each  accepted  his  own  true  posi- 
tion with  regard  to  the  great  discov- 
ery in  perfect  sincerity.     The  elder 
naturalist  never  strove  for  a  moment 
to   press   his   own   claim   to   priority 
against   the   younger:    the    younger, 
with  singular  generosity  and  courtesy, 
waived  his  own   claim  to  divide  the 
honors  of  discovery  in  favor  of  the 
elder.     Not  one  word  save  words  of 
fraternal  admiration  and  cordial   ap- 
preciation  ever  passed    the    lips   of 
either  with  regard  to  the  other. 

85.  The  distinctive  notion  of  nat- 
ural  selection,    indeed,    like  all  true 
and  fruitful  ideas,  had  more  than  once 
flashed  for  a  moment  across  the  pene- 
trating mind  of  more  than  one  ind» 
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pendent  investigator.  As  early  as 
x8i3,  Dr.  Wells,  the  famous  author  of 
the  theory  of  dew,  applied  that  par- 
ticular conception  to  the  single  case 
of  the  production  of  special  races 
among  mankind. 

86.    "Of  the   accidental    varieties 
of  man,  which  would  occur  among  the 
first  few  and  scattered  inhabitants  of 
the  middle   regions   of    Africa,"   he 
wrote,  "some   one   would   be   better 
fitted  than  the  others  to  bear  the  dis- 
eases  of    the    country.      This    race 
would    consequently   multiply,   while 
the  others  would  decrease ;  not  only 
from   their    inability  to   sustain    the 
attacks  of  disease,  but  from  their  in- 
capacity of    contending    with     their 
more    vigorous   neighbors.  ...  The 
same  disposition  to  form  varieties  still 
existing,  a  darker  and  a  darker  race 
would  in  the  course  of  time  occur; 
and  as  the  darkest  would  be  the  best 
fitted  for  the  climate,  this  would  at 
last  become   the  most  prevalent,   if 
not  the   only  race  in   the   country." 
Here  we  have  not  merely  the  radical 
concept  of  natural  selection,  but  also 
the  subordinate  idea  of  its  exertion 
upon  what  Darwin  calls  "spontaneous 
variations."     What  is  wanting  in  the 
paper  is  the  application  of  the  faintly 
descried  law  to  the  facts  and  circum- 
stances of    general    biology :   Wells 
saw  only  a  particular  instance,  where 
Darwin   and    Wallace    more   vividly 
perceived      a     universal      principle. 
Again,  in  1831,  Mr.  Patrick  Matthew, 
in  that  singular  appendix  to  his  book 
on  naval  timber,  actually  enunciates 
the  same  idea,  applied  this  time  to 
the  whole  of  nature,  in  words  some- 
times almost  identical  with  Darwin's 
own.     "  As  nature  in  all  her  modifi- 
cations of  life,"  says  this  unconscious 
discoverer,  "  has  a  power  of  increase 
far  beyond  what  is  needed  to  supply 
the  place  of  what  falls  by  Time's  de- 
cay,  those   individuals   who    possess 
not  the  requisite  strength,  swiftness, 
hardihood,   or  cunning,   fall    prema- 
turely without  reproducing — either  a 
prey   to   their  natural   devourers,  or 
sinking  under  disease,  generally  in- 
duced by  want  of  nourishment,  their 


jlace  being  occupied  by  the  more 
Derfect  of  their  own  kind,  who  are 
Dressing  on  the  means  of  exist- 
ence. .  .  .  The  self -regulating  adap- 
tive disposition  of  organized  life  may, 
n  part,  be  traced  to  the  extreme 
iecundity  of  nature,  who,  as  before 
stated,  has  in  all  the  varieties  of  her 
offspring  a  prolific  power  much  be- 
yond (in  many  cases  a  thousandfold) 
what  is  necessary  to  fill  up  the  vacan 
cies  caused  by  senile  decay.  As  the 
field  of  existence  is  limited  and  pre- 
occupied, it  is  only  the  hardier,  more 
robust,  better-suited-to-circumstance 
individuals,  who  are  able  to  struggle 
forward  to  maturity,  these  inhabiting 
only  the  situations  to  which  they 
have  superior  adaptation  and  greater 
power  of  occupancy  than  any  other 
kind ;  the  weaker  and  less  circum- 
stance-suited being  prematurely  de- 
stroyed. This  principle  is  in  con- 
stant action  ,  it  regulates  the  color, 
the  figure,  the  capacities,  and  in- 
stincts ;  those  individuals  in  each 
species  whose  color  and  covering  are 
best  suited  to  concealment  or  protec- 
tion from  enemies,  or  defense  from 
inclemencies  and  vicissitudes  of  cli- 
mate, whose  figure  is  best  accommo- 
dated to  health,  strength,  defense, 
and  support ;  whose  capacities  and 
instincts  can  best  regulate  the  physi- 
cal energies  to  self-advantage  accord- 
ing to  circumstances — in  such  im- 
mense waste  of  primary  and  youthful 
life  those  only  come  forward  to  ma- 
turity from  the  strict  ordeal  by  which 
nature  tests  their  adaptation  to.  her 
standard  of  perfection  and  fitness  to 
continue  their  kind  by  reproduction." 
Of  the  ideas  expressed  in  these  para- 
graphs, and  others  which  preceded 
them,  Darwin  himself  rightly  ob- 
serves, "  He  gives  precisely  the  same 
view  on  the  origin  of  species  as  that 
propounded  by  Mr.  Wallace  and  my- 
self. He  clearly  saw  the  full  force  of 
the  principle  of  natural  selection." 

87.  In  1852,  once  more,  so  eminent 
and  confirmed  an  evolutionist  as  Mr. 
Herbert  Spencer  himself  had  hit  upon 
a  glimpse  of  the  same  great  truth, 
strange  to  say  without  perceiving  the 
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width  and  scope  of  its  implications. 
"  All  mankind,"  he  wrote  in  that  year 
in  an  essay  on  population  in  the 
"  Westminster  Review,"  "  in  turn  sub- 
ject themselves  more  or  less  to  the 
discipline  described  :  they  either  may 
or  may  not  advance  under  it ;  but,  in 
the  nature  of  things,  only  those  who 
do  advance  under  it  eventually  sur- 
vive. For,  necessarily,  families  and 
races  whom  this  increasing  difficulty 
of  getting  a  living  which  excess  of 
fertility  entails  does  not  stimulate  to 
improvements  in  production  .  .  .  . 
are  on  a  high  road  to  extinction  ;  and 
must  ultimately  be  supplanted  by 
those  whom  the  pressure  does  so 
stimulate.  .  .  .  And  here,  indeed, 
without  further  illustration,  it  will  be 
seen  that  premature  death,  under  all 
its  forms,  and  from  all  its  causes, 
cannot  fail  to  work  jn  the  same  direc- 
tion. For  as  those  prematurely  car- 
ried off  must  in  the  average  of  cases, 
be  those  in  whom  the  power  of  self- 
preservation  is  the  least,  it  unavoid- 
ably follows  that  those  left  behind  to 
continue  the  race  must  be  those  in 
whom  the  power  of  self-preservation 
is  the  greatest,  must  be  the  select  of 
their  generation."  In  this  striking 
pre-Darwinian  passage  we  have  a  par- 
tial perception  of  what  Mr.  Spencer 
afterwards  described  as  the  survival 
of  the  fittest ;  but,  as  our  great  phil- 
osopher himself  remarks,  it  "  shows 
how  near  one  may  be  to  a  great  gen- 
eralization without  seeing  it,"  For 
not  only  does  Mr.  Spencer,  like  Wells 
before  him,  limit  the  application  of 
the  principle  to  the  case  of  humanity, 
but,  unlike  Wells,  he  overlooks  the 
all-important  factor  of  spontaneous 
variation,  and  the  power  of  natural 
selection,  acting  upon  such,  to  pro- 
duce specific  and  generic  divergences 
of  structure.  In  short,  in  his  own 
words,  the  paragraph  "  contains  mere- 
ly a  passing  recognition  of  the 
selective  process,  and  indicates  no 
suspicion  of  the  enormous  range  of 
its  effects,  or  of  the  conditions  under 
which  a  large  part  of  its  effects  are 
produced."  On  the  other  hand,  it 
must  be  noted  that  both  Spencer  and 


Matthew,  like  Darwin  himself,  based 
their  ideas  largely  upon  the  Malthu- 
sian  principle,  and  thus  held  the  two 
true  keys  of  the  situation  fairly  with- 
in their  unconcious  hands. 

88.  Frankly  to  recognize  these  var- 
ious foreshadowings  of  the  distinctive 
Darwinian  theory  of  natural  selection 
is  not  in  any  way  to  undermine  the 
foundations  of  Charles  Darwin's  own 
real  and  exceptional  greatness.  On  the 
contrary,  the  mere  fact  that  his  views 
were  so  far  anticipated  by  Wells,  Mat- 
thew, Spencer,  and  others,  and  were 
simultaneously  arrived  at  across  half 
the  globe  by  the  independent  intel- 
lect of  Alfred  Russel  Wallace,  is  in  it- 
self the  very  best  proof  and  finest  crite- 
rion of  Charles  Darwin's  genuine  apos- 
tleship.  No  truly  grand  and  fruitful 
idea  was  ever  yet  the  sole  property  of 
a  single  originator.  Great  discover- 
ies, says  an  acute  critic,  must  always 
be  concerned  with  some  problem  of 
the  time  which  many  of  the  world's 
foremost  minds  are  just  then  cudgel- 
ing their  active  brains  about.  It  was 
so  with  the  discovery  of  the  differen- 
tial calculus,  and  of  the  planet  Nep- 
tune ;  with  the  interpretation  of  the 
Egyptian  hieroglyphic,  and  of  the 
cuneiform  inscriptions ;  with  the  un- 
dulatory  theory  of  light,  with  the  me- 
chanical equivalent  of  heat,  with  the 
doctrine  of  the  correlation  and  con- 
servation of  energies,  with  the  inven- 
tion of  the  steam-engine,  the  locomo- 
tive, the  telegraph  and  the  telephone  ; 
with  the  nebular  hypothesis,  and  with 
spectrum  analysis.  It  was  so,  too, 
with  the  evolutionary  movement. 
The  fertile  upturning  of  virgin  sod  in 
biological  field  which  produced  Dar- 
win's forerunners,  as  regards  the  idea 
of  descent  with  modification,  in  the 
persons  of  Buffon,  Lamarck,  and 
Erasmus  Darwin,  necessarily  produced 
a  little  later,  under  the  fresh  impe- 
tus of  the  Malthusian  conception,  his 
forerunners  or  coadjutors,  as  re- 
gards the  idea  of  natural  selection, 
in  the  persons  of  Wells,  Matthew 
and  Wallace.  It  was  Darwin's  task  to 
recognize  the  universal,  where  Wells 
and  Spencer  had  seen  only  the  par- 
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ticular ;  to  build  up  a  vast  and  irresis- 
tible inductive  system,  where  Mat- 
thew and  Wallace  had  but  thrown  out 
a  pregnant  hint  of  wonderful  a  priori 
interest  and  suggestiveness.  It  is  one 
thing  to  draw  out  the  idea  of  a  cam- 
paign, another  thing  to  carry  it  to  a 
successful  conclusion  ;  one  thing  rude- 
ly to  sketch  a  ground-plan,  another 
thing  finally  to  pile  aloft  to  the  sky  the 
front  of  an  august  and  imposing  fab- 
ric. 

As  soon  as  the  papers  at  the  Lin- 
nsean  had  been  read  and  printed, 
Darwin  set  to  work  in  real  earnest  to 
bring  out  the  first  installment  of  his 
great  work.  That  installment  was 
the  "Origin  of  Species."  The  first 
edition  was  ready  for  the  public  on 
November  the  24th,  1859. 

89.  In  his  own  mind  Darwin  re- 
garded that  immortal  work  merely  in 
the  light  of  an  abstract  of  his  pro- 
jected volumes.  So  immense  were 
his  collections  and  so  voluminous  his 
notes,  that  the  "  Origin  of  Species  " 
itself  seemed  to  him  like  a  mere 
small  portion  of  the  contemplated 
publication.  And  indeed  he  did 
ultimately  work  out  several  other  por- 
tions of  his  original  plan  in  his 
detailed  treatises  on  the  Variation  of 
Animals  and  Plants  under  Domestica- 
tion, on  the  Effects  of  Cross  and  Self- 
Fertilization,  and  on  the  Descent  of 
Man  and  Sexual  Selection.  But  the 
immense  and  unexpected  vogue  of  his 
first  volume,  the  almost  immediate 
revolution  which  it  caused  in  biologi- 
cal arid  general  opinion,  and  the  all 
but  universal  adhesion  to  his  views 
of  all  the  greatest  and  most  rising  nat- 
uralists, to  a  great  extent  saved  him 
the  trouble  of  carrying  out  in  full  the 
task  he  had  originally  contemplated 
as  necessary.  Younger  and  less  occu- 
pied laborers  took  part  of  the  work 
off  their  leader's  hands;  the  greal 
chief  was  left  to  prosecute  his  special 
researches  in  some  special  lines.,  and 
was  relieved  from  the  necessity  of  fur- 
ther proving  in  minuter  detail  what 
he  had  already  proved  with  sufficient 
cogency  to  convince  all  but  the  will- 
fully blind  or  the  hopelessly  stupid. 


90.  The  extraordinary  and  unprec- 
edented success  of  the  "  Origin  of  Spe- 
cies "  is  the  truest  test  of  the  advance 
it  made  upon  all  previous  evolution- 
ary theorizing.     Those  who  had  never 
:>een  convinced  before  were  now  con- 
vinced by  sheer  force  of  reasoning; 
those  who   believed   and   those  who 
wavered   had    their  faith    confirmed 
into  something  like  the  reposeful  calm 
of  absolute  certitude. 

Let  us  consider,  therefore,  what 
exactly  were  the  additions  which 
Charles  Darwin  offered  in  his  epoch- 
making  work  to  the  pre-existing  con- 
ceptions of  evolutionists. 

91.  In  1852,  seven  years  before  the 
publication  of  Darwin's  masterpiece, 
Mr.  Herbert  Spencer  wrote  as  follows 
in  an  essay  in  the  "  Leader  "  on  crea- 
tion and  evolution.     The  expressions 
of  so  profound   and   philosophical  a 
biologist   may   be    regarded   as    the 
high-water  mark  of  evolutionary  think- 
ing up  to  the  date  of  the  appearance 
of  Wallace  and  Darwin's  theory  : — 

92.  "  Even  could  the  supporters  of 
the  development    hypothesis    merely 
show  that  the  production  of  species  by 
the  process  of  modification  is  conceiv- 
able, they  would  be  in  a  better  posi- 
tion than  their   opponents.     But  they 
can  do   much  more   than    this ;  they 
can  show  that  the  process  of  modifi- 
cation has   effected  and   is  effecting 
great  changes  in  all  organisms,  sub- 
ject to  modifying  influences  .  .  .  they 
can  show  that  any  existing  species — 
animal   or    vegetable — when    placed 
under   conditions   different   from    its 
previous  ones,  immediately  begins  to 
undergo  certain  changes  of  structure 
fitting     it     for    the   new   conditions. 
They   can    show   that    in    successive 
generations    these   changes  continue, 
until  ultimately   the   new   conditions 
become  the  natural  ones.     They  can 
show  that   in   cultivated   plants   and 
domesticated  animals,  and  in  the  sev- 
eral races  of  men,  these  changes  have 
uniformly   taken   place.      They    can 
show  that  the  degrees  of  difference, 
so  produced,  are  often,   as  in  dogs, 
greater  than  those  on  which  distinc- 
tions  of   species   are   in  other  cases 
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founded.  They  can  show  that  it  is  a 
matter  of  dispute  whether  some  of 
these  modified  forms  are  varieties  or 
modified  species.  They  can  show 
too  that  the  changes  daily  taking 
place  in  ourselves  ;  the  facility  that 
attends  long  practice,  and  the  loss  of 
aptitude  that  begins  when  practice 
ceases ;  the  development  of  every 
faculty,  bodily,  moral  or  intellectual, 
according  to  the  use  made  of  it,  are 
all  explicable  on  this  same  principle. 
And  thus  they  can  show  that  through- 
out all  organic  nature  there  is  at 
work  a  modifying  influence  of  the 
kind  they  assign  as  the  cause  of 
these  specific  differences,  an  influence 
which,  though  slow  in  its  action,  does 
in  time,  if  the  circumstances  demand 
it,  produce  marked  changes  ;  an  in- 
fluence which,  to  all  appearance, 
would  produce  in  the  millions  of 
years,  and  under  the  great  varieties 
of  condition  which  geological  records 
imply,  any  amount  of  change." 

93.  This  admirable  passage,  writ- 
ten seven  years  before  the  publica- 
tion of  the  "  Origin  of  Species,"  con- 
tains explicitly  almost  every  idea  that 
ordinary  people,  not  specially  biolog- 
ical in  their  interests,  now  associate 
with  the  name  of  Darwin.  That  is  to 
say,  it  contains,  in  a  very  philosophical 
and  abstract  form,  the  theory  of  "  de- 
scent with  modification  "  without  the 
distinctive  Darwinian  adjunct  of 
"natural  selection"  or  "  survival  ol 
the  fittest."  Yet  it  was  just  that  par- 
ticular lever,  dexterously  applied,  and 
carefully  weighted  with  the  whole 
weight  of  his  endlessly  accumulated 
inductive  instances,  that  finally  en- 
abled our  modern  Archimedes  in  so 
short  a  time  to  move  the  world.  The 
public,  that  was  deaf  to  the  high  phil- 
osophy of  Herbert  Spencer,  listened 
at  once  to  the  practical  wisdom  ol 
Charles  Darwin.  They  did  not  care 
at  all  for  the  a  priori  proof,  but  they 
believed  forthwith  as  soon  as  a  cau 
tious  and  careful  investigator  laic 
bare  before  their  eyes  in  minute  detai 
the  modus  operandi  of  nature  herself. 

The   main    argument   of    Darwin's 


chief  work  runs  somewhat  after  the 
bllowing  fashion  : — * 

94.  Variation,  to  a  greater  or  less 
degree,  is  a  common  and  well-known 
'act  in  nature.     More  especially,  an- 
mals  and  plants  under  domestication 
tend  to  vary  from   one    another   far 
more  than  do  the  individuals  of  any 
one  species  in  the  wild  state.     Rab- 
bits in  a  warren  are  all  alike  in  shape, 
size,  color,  and  features :  rabbits  in  a 
hutch  vary  indefinitely  in  the  hue  of 
their  fur,  the  length  of  their  ears,  the 
character  of   their  coat,  and   half  a 
dozen   other   minor   particulars,  well 
known  to  the  observant  souls  of  boys 
and  fanciers.     This  great  variability, 
though  partly  perhaps  referable  to  ex- 
cess of  food,  is  probably  due  on  the 
whole  to  their  having  been  raised  un- 
der conditions  of  life  not  so  uniform 
as,    and    somewhat    different    from, 
those  to  which  the  parent  species  is 
commonly  exposed  in  a  state  of  na- 
ture.    In  other  words,  variability  is 
one  result  of  altered  and  more  varied 
surrounding  circumstances. 

95.  Again,  this  variability  is  usually 
indefinite.  You  cannot  say  what  di- 
rection it  will  take,  or  to  what  partic- 
ular results  it  is  likely  in  any  special 
instance  to  lead.  Marked  differences 
sometimes  occur  even  between  the 
young  of  the  same  litter,  or  between  the 
seedlings  sown  from  the  same  capsule. 
As  a  rule,  the  variations  exhibit  them- 
selves in  connection  with  sexual  re- 
production ;  but  sometimes,  as  in  the 
case  of  "  sporting  plants,"  a  new  bud 
suddenly  produces  leaves  or  flowers 
of  a  different  character  from  the  rest 
of  those  on  the  self-same  stem,  thus 
showing  that  the  tendency  to  vary  is 
inherent,  as  it  were,  in  the  organism 
itself.  Upon  this  fundamental  fact  of 


*The  remainder  of  the  present  chapter, 
which  consists  almost  entirely  of  an  exposi- 
tion of  the  doctrine  of  natural  selection,  may 
safely  be  skipped  by  the  reader  already  well 
acquainted  with  the  Origin  of  Species.  The 
abstract  is  taken  for  the  most  part  from  the 
latest  and  fullest  enlarged  edition,  but  atten- 
tion is  usually  called  in  passing  to  the  points 
which  did  not  appear  in  the  first  issue  of 
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the  existence  in  nature  of  numerous 
and  indefinite  variations,  the  whole 
theory  of  natural  selection  is  ulti- 
mately built  up.  In  illustrating  by 
example  the  immense  variability  of 
domesticated  creatures,  Darwin  lays 
great  stress  upon  the  case  of  pigeons, 
with  which  he  was  familiar  from  his 
long  experience  as  a  breeder  and  fan- 
cier in  his  own  home  at  Down.  Nat- 
uralists are  almost  universally  of  opin- 
ion that  all  the  breeds  of  domestic 
pigeons,  from  the  carrier  to  the  tum- 
bler, from  the  runt  to  the  fantail,  are 
alike  descended  from  the  wild  rock 
pigeon  of  the  European  coasts.  The 
immense  amount  of  variation  which 
this  original  species  has  undergone  in 
domestication  may  be  seen  by  com- 
paring the  numberless  breeds  of  pig- 
eon now  exhibited  at  all  our  poultry 
shows  with  one  another. 

96.  But  variation  gives  us  only  half 
the  elements  of  the  ultimate  problem, 
even  in  the  case  of  domestic  kinds. 
For  the  other  half,  we  must  have  re- 
course to  human  selection,  which,  by 
picking  out  for  seed  or  breeding  pur- 
poses certain  specially  favored  vari- 
eties, has  produced  at  last  all  the  pur- 
posive or  intentional  diversity  between 
the  different  existing  stocks  or  breeds. 
In  these  artificially  produced  domes- 
tic races  we  see  everywhere  special 
adaptations  to  man's  particular  use  or 
fancy.  The  dray-horse  has  been 
fashioned  for  purposes  of  strength 
and  sure-footedness  in  drought,  the 
race-horse  for  purposes  of  fleetness  in 
running.  In  the  fox-hound,  man  has 
encouraged  the  special  properties  that 
tend  to  produce  a  good  day's  hunting  ; 
in  the  sheep-dog,  those  that  make  for 
the  better  maintenance  and  safety  of 
a  herd.  The  cauliflower  is  a  cabbage, 
with  specialized  and  somewhat  abor- 
tive flower-heads;  the  fuller's  teasel 
is  a  sport  of  the  wild  form,  with 
curved  hooks  specially  adapted  by  a 
freak  of  nature  for  the  teasing  of  wool. 
So  in  every  case  man,  by  deliberately 
picking  out  for  breeding  or  seeding 
purposes  the  accidental  variations 
which  happened  best  to  suit  his  own 


needs,  has  succeeded  at  last  in  pro- 


ducing races  admirably  fitted  in  the 
minutest  particulars  for  the  special 
functions  to  which  they  are  applied. 
There  appears  indeed  to  be  hardly 
any  limit  to  the  almost  infinite  plas- 
ticity and  modifiability  of  domestic 
animals.  "  It  would  seem,"  said  a 
great  sheep-breeder,  speaking  of 
sheep,  "  as  if  farmers  had  chalked 
out  upon  a  wall  a  form  perfect  in  it- 
self, and  then  proceeded  to  give  it 
existence." 

97.  Now,  what  is  thus  true  within 
narrow  limits,  and  in  a  short  space  of 
time  about  the  deliberate  action  of 
man,  Darwin  showed  to  be  also  true 
within  wider  limits  and  spread  over 
longer  geological  epochs  about  the 
unconscious  action  of  nature.  And 
herein  consisted  his  great  advance 
upon  the  earlier  evolutionism  of  La- 
marck, Goethe,  and  Erasmus  Darwin. 
For  while  these  instinctive  pioneers  of 
the  evolutionary  spirit  saw  clearly 
that  animals  and  plants  betrayed 
signs  of  common  descent  from  one  or 
a  few  original  ancestors,  they  did  not 
see  what  was  the  mechanism  by  which 
such  organisms  had  been  differenti- 
ated into  so  many  distinct  genera  and 
species.  They  caught,  indeed,  at  the 
analogy  of  variation  under  domestica- 
tion and  in  the  wild  state,  but  they 
missed  the  subtler  and  deeper  anal- 
ogy between  human  and  natural  se- 
lection. Now,  variation  alone  would 
give  us  a  world  consisting  not  of  defi- 
nite kinds  fairly  well  demarkated  one 
from  the  other,  but  of  innumerable 
unclassified  and  unorganizable  indi- 
viduals, all  shading  off  indefinitely 
one  into  the  other,  and  incapable  of 
being  reduced  by  human  ingenuity  to 
any  orderly  hierarchical  system.  Fur- 
thermore, it  would  give  us  creatures 
without  special  adaptation  of  any 
kind  to  the  peculiar  circumstances  of 
their  own  environment.  To  account 
for  adaptation,  for  the  almost  perfect 
fitness  of  every  plant  and  every  ani- 
mal to  its  position  in  life,  for  the  ex- 
istence (in  other  words)  of  definitely 
correlated  parts  and  organs,  we  must 
call  in  the  aid  of  survival  of  the  fittest. 
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our  conception  of  the  becoming  of 
life  is  a  mere  chaos;  order  and  or- 
ganization are  utterly  inexplicable 
save  by  the  brilliant  illuminating  ray 
of  the  Darwinian  principle.  That  is 
why  Darwin  destroyed  at  one  blow 
the  specious  arguments  of  the  early 
teleologists ;  he  showed  that  where 
Chambers  and  even  Erasmus  Darwin 
had  seen  the  working  of  a  final  cause, 
we  ought  rather  to  recognize  the 
working  of  an  efficient  cause,  whose 
outcome  necessarily  but  fallaciously 
simulates  the  supposed  features  of  an 
a  priori  finality. 

98.  From  art,  then,  Darwin  harks 
back  once  more  to  nature.  He  pro- 
ceeds to  show  that  variability  occurs 
among  all  wild  plants  and  animals, 
though  not  so  frequently  under  ordi- 
nary circumstances  as  in  the  case  of 
domesticated  species.  Individual  dif- 
ferences everywhere  occur  between 
plant  and  plant,  between  animal  and 
animal.  Sometimes  these  differences 
are  so  very  numerous  that  it  is  impos- 
sible to  divide  the  individuals  at  all 
into  well-marked  kinds  ;  for  example, 
among  British  wild-roses,  brambles, 
hawkweeds  and  epilobes,  with  a  few 
other  very  variable  families,  Babing- 
/on  makes  as  many  as  251  distinct 
species,  where  Bentham  gives  only 
112 — a  margin  of  139  doubtful  forms 
of  shadowy  indefiniteness.  Varieties, 
m  fact,  are  always  arising,  and  dom- 
inant species  in  particular  always  tend 
to  vary  most  in  every  direction.  The 
reason  why  variation  is  not  so  marked 
'.n  the  wild  state  as  under  domestica- 
tion is  of  course  because  the  condi- 
tions are  there  less  diverse ;  but  where 
the  conditions  of  wild  things  are  most 
diverse,  as  in  the  case  of  dominant 
kinds,  which  range  over  a  wide  space 
of  country  or  of  ocean,  abundant  in- 
dividual variations  habitually  occur. 
Local  varieties  thus  procured  are  re- 
garded by  Darwin  as  incipient  species  : 
they  are  the  raw  material  on  which 
natural  selection  gradually  exerts  it- 
self in  the  struggle  for  existence. 

Granting  individual  variability, 
then,  how  do  species  arise  in  nature  ? 
And  how  are  all  the  exquisite  adapta- 


tions of  part  to  whole,  and  of  whole 
to  environment,  gradually  initiated,  im- 
proved, and  perfected  ? 

Here  Malthus  and  the  struggle  fox 
life  come  in  to  help  us. 

99.  For   the   world   is   perpetually 
over-populated.     It   is  not,   as  many 
good  people  fearfully   imagine,  on  a 
half-comprehension  of  the  Malthusian 
principle,  shortly  going   to   be   over- 
populated  ;   it  is   now,  it   has  always 
been,  and  it  will  always  be,  pressed 
close  up  to  the  utmost  possible  limit 
of  population.    Reproduction  is  every- 
where and  in  all  species  forever  out- 
running  means   of  subsistence  ;  and 
starvation  or   competition  is   forever 
keeping  down  the  number  of  the  off- 
spring to  the  level  of  the  average  or 
normal   supply  of   raw   material.     A 
single  red  campion  produces  in  a  year 
three  thousand  seeds  ;  but  there  are 
not  this  year  three  thousand  times  as 
many  red  campions  as  there  were  last 
summer,  nor  will  there  be  three  thou- 
sand times  as  many  more  in  the  suc- 
ceeding season.     The  roe  of   a  cod 
contains  sometimes  nearly  ten  million 
eggs  ;  but  supposing  each  of  these  pro- 
duced a  young  fish  which  arrived  at  ma- 
turity, the  whole  sea  would  immediately 
become  a  solid  mass  of  closely  packed 
codfish.     Linnaeus  reckoned  that  if  an 
annual  plant  had  two  seeds,  each  of 
which  produced  two  seedlings  in  the 
succeeding  season,  and  so  on  continu- 
ally, in   twenty  years   their  progeny 
would  amount  to  a  million  plants.     A 
struggle  for  existence  necessarily  re- 
sults from  this  universal  tendency  of 
animals  and  plants  to  increase  faster 
than  the  means  of  subsistence,  whether 
those  means  be  food,  as  in  the   first 
case,  or  carbonic  acid,  water,  and  sun- 
shine as  in  the  second.     Animals  are 
all  perpetually  battling  with  one  an- 
other for  the  food-supply  of  the  mo- 
ment ;  plants  are  perpetually  battling 
with  one  another  for  their  share   of 
the   soil,  the   rainfall,   and  the   sun- 
shine. 

100.  The   case  of  the   plant  is   a 
very  important  one  to  understand  in 
this  connection,  because  it  is  probable 
that  most  people    greatly  misunder- 
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stand  the  biological  meaning  of  the 
phrase  "Struggle  for  existence." 
They  imagine  that  the  struggle  is 
chiefly  conducted  between  different 
species,  whereas  in  reality  it  is  chiefly 
conducted  between  members  of  the 
same  species.  It  is  not  so  much  the 
battle  between  the  tiger  and  the  ante- 
lope, between  the  wolf  and  the  bison, 
between  the  snake  and  the  bird,  that 
ultimately  results  in  natural  selection 
or  survival  of  the  fittest,  as  the  strug- 
gle between  tiger  and  tiger,  between 
bison  and  bison,  between  snake  and 
snake,  between  antelope  and  antelope. 
A  human  analogy  may  help  to  make 
this  difficult  principle  a  little  clearer. 
The  baker  does  not  fear  the  competi- 
tion of  the  butcher  in  the  struggle  for 
life  :  it  is  the  competition  of  the  other 
bakers  that  sometimes  inexorably 
crushes  him  out  of  existence.  The 
lawyer  does  not  press  hard  upon  the 
doctor,  nor  the  architect  upon  the 
journeyman  painter.  A  war  in  the 
Soudan  or  in  South  Africa  is  far  less 
fatal  to  the  workman  in  our  great 
towns  than  the  ceaseless  competition 
of  his  fellow-workmen.  It  is  not  the 
soldier  that  kills  the  artisan,  but  the 
number  of  other  artisans  who  undersell 
him  and  crowd  to  fill  up  every  vacant 
position.  In  this  way  the  great  ene- 
mies of  the  individual  herbivore  are 
not  the  carnivores,  but  the  other  her- 
bivores. The  lion  eats  the  antelope, 
to  be  sure  ;  but  the  real  struggle  lies 
between  lion  and  lion  for  a  fair  share 
of  meat,  or  between  antelope  and  an- 
telope for  a  fair  share  of  pasturage. 
Homo  homini  lupus,  says  the  old  prov- 
erb, and  so,  we  may  add,  in  a  wider 
sense,  lupus  lupo  lupus,  also.  Of  course, 
the  carnivore  plays  a  great  part  in 
the  selective  process ;  but  he  is  the 
selector  only  ;  the  real  competition  is 
between  the  selected.  Now,  let  us 
take  the  case  of  the  plant.  A  thou- 
sand seedlings  occupy  the  space  where 
few  alone  can  ultimately  grow;  and 
between  these  seedlings  the  struggle 
is  fierce,  the  strongest  and  best 
adapted  ultimately  surviving.  To 
take  Darwin's  own  example,  the  mistle- 
toe, which  is  a  parasite,  cannot  truly 


be  said  to  struggle  with  the  apple 
tree  on  which  it  fastens  ;  for  if  too 
many  parasites  cover  a  tree,  it  per- 
ishes, and  so  they  kill  themselves  as 
well  as  their  host,  all  alike  dying  to- 
gether. But  several  seedling  mistle- 
toes growing  together  on  the  same 
branch  may  fairly  be  said  to  struggle 
with  one  another  for  light  and  air  ; 
and  since  mistletoe  seeds  are  dissem- 
inated by  birds  and  dropped  by  them 
in  the  angles  of  branches,  the  mistletoe 
may  also  be  said  to  compete  with 
other  berry-bearing  bushes,  like  cornel 
and  hawthorne,  for  the  ministrations 
of  the  fruit-eating  birds.  The  struggle 
is  fierce  between  allied  kinds,  and 
fiercest  of  all  between  individual  mem- 
bers of  the  same  species. 

1 01.  Owing  to  this  constant  strug- 
gle  variations,    however  slight,   and 
from  whatever  cause  arising,  if  in  any 
degree  profitable   to    the    individual 
which  presents  them,  will  tend  to  the 
preservation  of  the  particular   organ- 
ism, and,  being  on   the   average    in- 
herited by  its  offspring,  will  similarly 
tend  to  increase  and  multiply   in   the 
world  at  large.     This  is  the  principle 
of  natural  selection  or  survival  of  the 
fittest — the  great  principle  which  Dar- 
win and  Wallace  added  to  the   evolu- 
tionism   of    Lamarck    and    his   suc- 
cessors. 

102.  Let  us  take  a  single  concrete 
example.     In  the  desert,  with  its  mo- 
notonous sandy  coloring,  a  black   in- 
sect or  a  white  insect,  still  more  a  red 
insect  or  a  blue  insect,  would  be    im- 
mediately detected  and   promptly  de- 
voured by   its   natural   enemies,  the 
birds  and  lizards.     But  any  grayish  or 
yellowish  insects  would  be  less  likely 
to  attract  attention  at  first  sight,  and 
would  be  overlooked  as  long  as  there 
were  any  more   conspicuous   individ 
uals  of  their  own  kind  about   for   the 
birds  and  lizards  to  feed  on  at  their 
leisure.     Hence,  in  a  very  short  time, 
the  desert  would  be  depopulated  of 
all  but  the  grayest  and  yellowest  in- 
sects ;   and   among    these   the  birds 
would     pick     out   those    which    dif- 
fered most  markedly  in  hue  or  shade 
from    the    sand    around    them.     But 
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those  which  happened  to  vary  most 
in  the  direction  of  a  sandy  or  spotty 
color  would  be  most  likely  to  survive, 
and  to  become  the  parents  of  future 
generations.  Thus,  in  the  course  of 
long  ages,  all  the  insects  which  in- 
habit deserts  have  become  sand-col- 
ored ;  because  the  least  sandy  were 
perpetually  picked  out  for  destruction 
by  their  ever-watchful  foes,  while  the 
most  sandy  escaped  and  multiplied 
and  replenished  the  earth  with  their 
own  likes. 

103.  Conversely,  the  birds  and  the 
lizards  again  would  probably  begin  by 
being  black,  and  white,  and  blue,  and 
green,  like  most  other  birds  and  liz- 
ards in  the  world  generally.     But  the 
insect  would  have  ample  warning  of 
the  near  approach   of   such   conspic- 
uous   self-advertising    enemies,    and 
would   avoid  them   accordingly  when- 
ever they  appeared   within    range   of 
his  limited    vision,  either   by    lying 
close,  or  by  shamming  death,  or  by  re- 
treating precipitately  to  holes  and  cran- 
nies.    Therefore,  whatever  individual 
birds   or   lizards   happened    to    vary 
most  in  the  direction  of  gray  or  sand- 
color,   and    so  to   creep   unobserved 
upon    the   unguarded  insects,   would 
succeed  best  on  the  average  in  catch- 
ing beetles   or   desert  grasshoppers. 
Hence,  by  the  slow  dying  out  of  the 
more  highly  colored  and  distinctive 
insect-eaters,  before  the    severe  com- 
petition of  the   grayest  and  sandiest, 
all  the  birds  and  lizards  of  the  desert 
have   become    at   last   as   absolutely 
sand-colored  as    the     insects     them- 
selves.    Only  the  grayest  insect  could 
escape  the  bird ;  only  the  grayest  bird 
en  revanche,  could  surprise  and  devour 
the  unwary  insect. 

104.  Sir   Charles    LyeU    and     the 
elder  De  Candolle   had   already  seen 
the  great  importance  of  the  struggle 
for  existence   in   the   organic  world, 
but  neither  of  them  had  observed  the 
magnificent  corollary  of  natural  selec- 
tion, which  flows  from  it  almost  as  a 
mathematical   necessity    when    once 
suggested  ,  for,  given  indefinite  varia- 
bility, and  a  geometrical  rate  of   in- 
crease,  it    must   needs    follow    that 


some  varieties  will  be  better  suited  to 
the  circumstances  than  others,  and 
therefore  that  they  will  survive  on  the 
average  in  increased  proportions.  A 
passage  from  one  of  Lyell's  early  let- 
ters will  show  how  near  he,  too,  went 
to  this  great  luminous  generalization, 
and  yet  how  utterly  he  missed  the 
true  implications  of  his  own  vague  and 
chaotic  idea.  He  writes  thus  to  Sir 
John  Herschel  in  1836,  while  Darwin 
was  still  but  homeward  bound  on  the 
voyage  of  the  "  Beagle  "  : — 

105.  "  In  regard  to  the  origination 
of  new  species,  I  am  very  glad  to  find 
that  you  think  it  probable  that  it  may 
be  carried  on    through  the  interven- 
tion of   intermediate  causes.  .  .  .  An 
insect  may   be   made  in   one   of   its 
transformations   to   resemble  a  dead 
stick,  or  a  leaf,  or  a  lichen,  or  a  stone, 
so  as   to   be   somewhat    less    easily 
found  by  its  enemies ;  or  if  this  would 
make  it  too  strong,  an  occasional  va- 
riety of  the  species  may  have  this  ad- 
vantage  conferred  on  it;   or   if  this 
would  be  still  too  much,  one  sex  of  a 
certain    variety.     Probably  there    is 
scarcely    a    dash  of   color    on    the 
wing  or  body  of  which   the   choice 
would   be   quite   arbitrary,   or  which 
might     not    affect   its    duration    for 
thousands  of  years." 

106.  Now,  this  comes  in  some  ways 
perilously  near  to  Darwin  indeed  ;  but 
in  the  most  important  point  of  all  it  is 
wide   apart   from  him  as   the  pole  is 
from  the  equator.     For  Lyell  thought 
of  all  this  as  a  matter  of  external  tel- 
eological  arrangement ;  he  imagined  a 
deliberate  power  from  outside  settling 
it  all  by  design  beforehand,  and  grant- 
ing   to    varieties    or    species     these 
special  peculiarities  in  a  manner  that 
was  at  bottom  essentially  supernatu- 
ral,  or   in  other   words   miraculous ; 
whereas    Darwin  thinks  of  it  as  the 
necessary  result  of  the  circumstances 
themselves,  an  inevitable  outcome  of 
indefinite  variability//*^  the  geomet- 
rical rate  of  increase.     Where  Lyell 
sees  a  final  cause,  Darwin  sees  an  ef- 
ficient cause  ;  and  this  distinction  is 
fundamental.      It     marks     Darwin's 
position  as  that  of  a  great  philosoph- 
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ical  thinker,  who  can  dash  aside  at 
once  all  metaphysical  cobwebs,  and 
penetrate  to  the  inmost  recesses  of 
things,  unswerved  by  the  vain  but  spe- 
cious allurements  of  obvious  and  mis- 
leading teleological  fallacies. 

107.  Darwin  also  laid  great  stress 
on  the  immense  complexity  of  the  re- 
lations which  animals  and  plants  bear 
to  one  another,  in   the   struggle   for 
existence.     For    example,     on     the 
heathy  uplands  near  Farnham  in  Sur- 
rey, large  spaces  were  at  one  time  en- 
closed,  on  which,  within  ten  years, 
self-grown    fir-trees  from   the   wind- 
borne  seeds  of  distant  clumps  sprang 
up  so  thickly  as  actually  to  choke  one 
another  with  their  tiny  branches.     All 
over  the  heaths  outside,  when  Dar- 
win looked  for  them,  he  could  not  find 
a  single  fir,  except  the  old  clumps  on 
the  hilltops,  from  which  the  seedlings 
themselves    had    originally    sprung. 
But,   on   looking   closer  among    the 
stems   of  the  heath,   he    descried  a 
number  of  very  tiny  firs,  which  had 
been  perpetually  browsed  down  by  the 
cattle  on  the  commons ;  and  one  of 
them,  with  twenty-six  rings  of  growth, 
had  during  many  years  endeavored  un- 
successfully to    raise  its  head  above 
the    surrounding    heather.      Hence, 
as   soon    as  the  land  was   enclosed, 
and   the  cattle  excluded,    it  became 
covered  at  once  with  a  thick  growth 
of  vigorous  voung  fir  trees.     Yet  who 
would   ever    have    supposed   before- 
hand that  the  mere  presence  or  absence 
of  cattle  would  absolutely  have  deter- 
mined the  very  existence  of  the  Scotch 
fir  throughout  a  wide    range   of  well- 
adapted  sandy  English  upland. 

1 08.  To  take  another  curious  in- 
stance   mentioned    by   Darwin.       In 
Paraguay,  unlike  the  greater  part  of 
neighboring  South  America,    neither 
horses  nor  cattle  have  ever  run  wild. 
This  is  due  to  the  presence  of  a  par- 
asitic fly,  which  lays  its  eggs  in  their 
bodies  when  first  born,  the  maggots 
killing  off  the  tender  young  in  their 
first  stages.     But  if  any  cause  were 
to  alter  the  number  of  the  dangerous 
flies,    then    cattle    and   wild    horses 
would  abound;  and  this  would  alter 


the  vegetation,  as  Darwin  himself 
observed  in  other  parts  of  America ; 
and  the  change  in  the  vegetation 
would  affect  the  insects ;  and  that 
again  the  insectivorous  birds ;  and  so 
on  in  ever  widening  circles  of  incal- 
culable complexity.  Once  more,  to 
quote  the  most  famous  instance  of 
all,  the  visits  of  humble-bees  are  ab- 
solutely necessary  in  order  to  place 
the  pollen  in  the  right  position  for 
setting  the  seeds  of  purple  clover. 
Heads  from  which  Darwin  excluded 
the  bees  •  produced  no  seeds  at  all. 
Hence,  if  humble-bees  became  ex- 
tinct in  England,  the  red  clover,  too, 
would  die  off;  and  indeed,  in  New 
Zealand,  where  there  are  no  humble- 
bees,  and  where  the  efforts  to  intro- 
duce them  for  this  very  purpose  have 
been  uniformly  unsuccessful,  the  clover 
never  sets  its  seed  at  all,  and  fresh 
stocks  have  to  be  imported  at  great 
expense  every  year  from  Europe. 
But  the  number  of  humble-bees  in 
any  district  largely  depends  upon  the 
number  of  field-mice,  which  destroy 
the  combs  and  nests  in  immense 
quantities.  The  number  of  mice, 
again,  is  greatly  affected  by  the  pro- 
portion of  cats  in  the  neighborhood ; 
so  that  Colonel  Newman,  who  paid 
much  attention  to  this  subject,  found 
humble-bees  most  numerous  in  the 
neighborhood  of  villages  and  small 
towns,  an  effect  which  he  attributed 
to  the  abundance  of  cats,  and  the 
consequent  scarcity  of  the  destructive 
field-mice.  Yet  here  once  more,  who 
could  suppose  beforehand  that  the 
degree  to  which  the  purple  clover. set 
its  seeds  was  in  part  determined  by 
the  number  of  cats  kept  in  houses  in 
the  surrounding  district  ? 

109.  One  of  Darwin's  own  favorite 
examples  of  the  action  of  natural 
selection,  which  he  afterward  ex- 
panded largely  in  his  work  on  Or- 
chids and  in  several  other  volumes, 
is  that  which  relates  to  the  origin  of 
conspicuous  flowers.  Many  plants 
have  a  sweet  excretion,  which  is  elim- 
inated sometimes  even  by  the  leaves, 
as  in  the  case  of  the  common  laurel. 
This  juice,  though  small  in  quantity, 
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is  eagerly  sought  and  eaten  by  in- 
sects. Now  let  us  suppose  that,  in 
some  variety  of  an  inconspicuous 
flower,  similar  nectar  was  produced 
in  the  neighborhood  of  the  petals 
and  stamens.  Insects,  in  seeking 
the  nectar,  would  dust  their  bodies 
over  with  the  pollen,  and  would  carry 
it  away  with  them  to  the  next  flower 
visited.  This  would  result  in  an  act 
of  crossing ;  and  that  act,  as  Darwin 
afterward  abundantly  proved  in  a 
separate  and  very  laborious  treatise, 
gives  rise  to  exceptionally  vigorous 
seedlings,  which  would  therefore  have 
the  best  chance  of  flourishing  and 
surviving  in  the  struggle  for  exist- 
ence. The  flowers  which  produced 
most  honey  would  oftenest  be  visited, 
and  oftenest  crossed ;  so  that  they 
would  finally  form  a  new  species. 
The  more  brightly  colored  among 
them,  again,  would  be  more  readily 
discriminated  than  the  less  brightly 
colored ;  and  this  would  give  them 
such  an  advantage  that  in  the  long 
run,  as  we  actually  see,  almost  all 
habitually  insect-fertilized  flowers 
would  come  to  have  brilliant  petals. 
The  germ  of  this  luminous  idea,  once 
more,  is  to  be  found  in  Sprengel's 
remarkable  work  on  the  fertilization 
of  flowers — a  work  far  in  advance  of 
its  time  in  many  ways,  and  to  which 
Darwin  always  expressed  his  deep 
obligations ;  but,  as  in  so  many  other 
instances,  while  Sprengel  looked 
upon  all  the  little  modifications  and 
adaptations  of  flower  and  insect  to 
one  another  as  the  result  of  distinct 
creative  design,  Darwin  looked  upon 
them  as  the  result  of  natural  selec- 
tion, working  upon  the  basis  of  in- 
determinate spontaneous  variations. 

1 10.  How  do  these  variations  arise  ? 
Not  by  chance,  of  course  (for  in  the 
strict  scientific  sense  nothing  on 
earth  can  be  considered  as  really 
fortuitous),  but  as  the  outcome  for 
the  most  part  of  very  minute  organic 
causes,  whose  particular  action  it  is 
impossible  for  us  to  predict  with  our 
present  knowledge.  Some  physical 
cause  in  each  case  there  must  neces 
sarily  be ;  and  indeed  it  is  often  pos 


ible  to  show  that  certain  changes  ot 
condition  in  the  parent  do  result  in 
variations  in  the  offspring,  though 
what  special  direction  the  variation 
will  take  can  never  be  foretold  with 
any  accuracy.  In  short,  our  igno- 
•ance  of  the  laws  of  variation  is  pro- 
ound,  but  our  knowledge  of  the  fact 
s  clear  and  certain.  The  fact  alone 
s  essential  to  the  principle  of  natural 
selection  ;  the  cause,  though  in  itself 
an  interesting  subject  of  inquiry,  may 
safely  laid  aside  for  the  present 
as  comparatively  unimportant.  What 
we  have  actually  given  to  us  in  the 
concrete  universe  is,  organisms  vary- 
ing perpetually  in  minute  points,  and 
a  rapid  rate  of  increase  causing  every 
minute  point  of  advantage  to  be  ex- 
ceptionally favored  in  the  struggle 
for  existence. 

in.  But  Darwin  is  remarkable 
among  all  broachers  of  new  theories 
for  the  extraordinary  candor  and 
openness  of  his  method.  He  ac- 
knowledged beforehand  all  the  diffi- 
culties in  the  way  of  his  theory,  and 
though  he  himself  confessed  that 
some  of  them  were  serious  (a  state- 
ment which  subsequent  research  has 
often  rendered  unnecessary),  he  met 
many  of  them  with  cogent  arguments 
by  anticipation,  and  demolished  ob- 
jections before  they  could  even  be 
raised  against  him  by  hostile  critics. 
Of  these  objections,  only  two  need 
here  be  mentioned.  The  first  is  the 
question,  why  is  not  all  nature  even 
now  a  confused  mass  of  transitional 
forms  ?  Why  do  genera  and  species 
exist  as  we  see  them  at  present  in 
broad  distinction  one  from  the  other  ? 
To  this  Darwin  answers  rightly  that, 
where  the  process  of  species-making 
is  still  going  on,  we  do  actually  find 
fine  gradations  and  transitional  forms 
existing  between  genera,  varieties, 
and  species.*  But,  furthermore,  as 
natural  selection  acts  solely  by  the 
preservation  of  useful  modifications, 

*  The  researches  of  Seebohm  and  others 
have  since  proved  that  this  is  really  the  case 
to  a  far  greater  extent  than  Darwin  was 
aware  of  in  1859,  or,  indeed,  till  many  years 
afterward. 
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each  better-adapted  new  form  will1 
always  tend  in  a  fully  stocked  coun- 
try to  oust  and  exterminate  its  own 
unimproved  parent  type,  as  well  as 
all  other  competing  but  less  perfect 
varieties.  Thus  natural  selection 
and  extinction  of  intermediates  go 
forever  hand  in  hand.  The  more 
perfect  the  new  variety,  the  more  ab- 
solutely will  it  kill  off  the  intermedi- 
ate forms.  The  second  great  diffi- 
culty lies  in  the  question  of  the  origin 
of  instinct,  which,  as  Darwin  shows, 
by  careful  inductive  instances,  may 
have  arisen  by  the  slow  and  gradual 
accumulation  of  numerous  slight  yet 
profitable  variations. 

112.  I  have  dwelt  at  some  length 
upon  those  portions  of  the  "  Origin  of 
Species  "  which  deal  in  detail  with 
the  theory  of  natural  selection,  the 
chief  contribution  which  Darwin  made 
to  the  evolutionary  movement,  because 
it  is  impossible  otherwise  fully  to  un- 
derstand the  great  gulf  which  sepa- 
rates his  evolutionism  from  the  earlier 
evolutionism  of  Lamarck  and  his  fol- 
lowers. But  it  is  impracticable  here 
to  give  any  idea  of  the  immense  wealth 
of  example  and  illustration  which 
Darwin  brought  to  the  elucidation  of 
every  part  of  his  complex  problem. 
In  order  to  gain  a  fujl  conception  of 
this  side  of  his  nature,  we  must  turn 
to  the  original  treatise  itself,  and  still 
more  to  the  subsequent  volumes  in 
which  the  ground-work  of  observations 
and  experiments  on  which  he  based 
his  theory  was  more  fully  detailed  for 
the  specialist  public. 

113.  The  remainder  of  Darwin's 
epoch-making  work  deals,  strictly 
speaking,  rather  with  the  general  the- 
ory of  "  descent  with  modification  ' 
than  with  the  special  doctrine  of  nat- 
ural selection.  It  restates  and  rein 
forces,  by  the  light  of  the  new  addi 
tional  concept,  and  with  fuller  facts 
and  later  knowledge,  the  four  grea 
arguments  already  known  in  favor  o 
organic  evolution  as  a  whole,  the  ar 
gument  from  Geological  Succession 
the  argument  from  Geographical  Dis 
tribution,  the  argument  from  Embryo 
logical  Development,  and  the  argu 


nent  from  Classificatory  Affinities. 
£ach  of  these  we  may  briefly  sum 
narize. 

114.  The  geological  record  is  con- 
essedly  imperfect.     At  the  time  when 
Darwin  first  published  the  "  Origin  of 
Species,"  it  had  disclosed  to  our  view 
comparatively    few    intermediate    or 
ransitional  forms  between  the  chief 
^reat   classes  of  plants  or  animals ; 
since  that  time,  in  singular  confirma- 
ion  of  the  Darwinian  hypothesis,  it 
las  disclosed  an  immense  number  of 
such  connecting  types,  amongst  which 
may  be  more  particularly  noticed  the 
'  missing  links "   between   the   birds 
and    reptiles,   the    ancestors   of   the 
lorses,  the  camels,  and  the  pigs  and 
he  common  progenitor  of  the  rumi- 
nants and  the  pachyderms,  two  great 
roups  classed  by  Cuvier  as  distinct 
orders — all   of  which  instances  were 
ncorporated  by  Darwin  in  later  edi- 
tions   of    his    "  Origin   of   Species." 
But,    apart   from    these   special   and 
newly  discovered  cases,  the  whole  gen- 
eral   course     of     geological     history 
'  agrees  admirably  with  the  theory  of 
descent  with  modification  through  va- 
riation and  natural  selection."     The 
simpler  animals  of  early  times  are  fol- 
lowed by  the  more  complex  and  more 
specialized  animals  of  later  geological 
periods.     As  each  main  group  of  an- 
imals appears  upon  the  stage  of  life, 
it  appears  in  a  very  central  and  "gen- 
eralized "  form  ;  as  time  goes  on,  we 
find    its   various    members   differing 
more  and  more  widely  from  one  an- 
other, and  assuming  more  and  more 
specialized  adaptive  forms.     And  in 
each  country  it  is  found,  as  a  rule, 
that  the  extinct  animals  or  the  later 
formations   bear  a  close   general  re- 
semblance and  relationship  to  the  an 
imals  which  now  inhabit  the  same  re- 
gions.    For  example,  the  fossil  mam- 
mals from  the  Australian  caves   are 
nearly  allied  to   the  modern  kanga- 
roos, phalangers,  and  wombats ;  and 
the  gigantic  extinct  sloths  and  arma- 
dillos of  South   America   are    repro- 
duced in  their  smaller  representatives 
at  the  present  day.     So,  too,  the  moa 
of  New  Zealand  was  a  huge  apteryx; 
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and  the  birds  disentombed  from  the 
bone-caves  of  Brazil  show  close  affini- 
ties to  the  toucans  and  jacanars  that 
still  scream  and  flit  in  countless  flocks 
among  Brazilian  forests.  The  obvi- 
ous implication  is  that  the  animals 
now  inhabiting  any  given  area  are  the 
modified  descendants  of  those  that 
formerly  inhabited  it.  "  On  the  the- 
ory of  descent  with  modification,  the 
great  law  of  the  succession  of  the 
same  types  within  the  same  areas  is 
at  once  explained." 

115.  This  last  consideration  leads 
us  up  to  the  argument  from  Geo- 
grapical  Distribution.  In  considering 
the  various  local  faunas  and  floras  on 
the  face  of  the  globe,  no  point  strikes 
one  more  forcibly  than  the  fact  that 
neither  their  similarities  nor  their  dis- 
similarities can  be  accounted  for  by 
climate  or  physical  conditions.  The 
animals  of  South  Africa  do  not  in  the 
least  resemble  the  animals  of  the  cor- 
responding belt  of  South  America ; 
the  Australian  beasts  and 
trees  are  utterly  unlike 


birds  and 
those    of 

France  and  Germany ;  the  fishes  and 
crustaceans  of  the  Pacific  at  Panama 
are  widely  different  from  those  of  the 
Caribbean  at  the  same  point,  sepa- 
rated from  them  only  by  the  narrow 
belt  of  intervening  isthmus.  On  the 
other  hand,  within  the  same  continu- 
ous areas  of  sea  or  land,  however 
great  the  differences  of  physical  con- 
ditions, we  find  everywhere  closely  re- 
lated types  in  possession  of  the  most 
distinct  and  varied  situations.  On 
the  burning  plains  of  La  Plata  we  get 
the  agouti  and  the  bizcacha  as  the 
chief  rodents  i  we  ascend  the  Cordil- 
lera, and  close  to  the  eternal  snows 
we  discover,  not  hares  and  rabbits 
like  those  of  Europe,  but  a  specialized 
chilly  mountain  form  of  the  same  dis- 
tinctly South  American  type.  We 
turn  to-  the  rivers,  and  we  see  no 
musk-rat  or  beaver,  but  the  coypu 
and  capybara,  slightly  altered  varie- 
ties of  the  original  bizcacha  ancestor. 
Australia  has  no  wolf,  but  it  has  in- 
stead fierce  and  active  carnivorous 
marsupials ;  it  has  no  mice,  but  some 
of  its  tiny  kangaroo-like  creatures  ful- 


ill  analogous  functions  in  its  animal 
economy.  Everywhere  the  evidence 
joints  to  the  conclusion  that  local  spe- 
cies have  been  locally  evolved  from 
Dre-existing  similar  species.  The 
oceanic  isles,  of  which  Darwin  had 
lad  so  large  an  experience,  and  es- 
Decially  his  old  friends  the  Galapagos, 
come  in  usefully  for  this  stage  of  the 
question.  They  are  invariably  inhab- 
ited, as  Darwin  pointed  out,  and  as 
Wallace  has  since  abundantly  shown 
in  the  minutest  detail,  by  waifs  and 
trays  from  neighboring  continents, 
altered  and  specialized  by  natural  se- 
lection in  accordance  with  the  condi- 
tions of  their  new  habitat.  As  a  rule, 
they  point  back  to  the  districts  whence 
blow  the  strongest  and  most  preva- 
lent winds ;  and  the  modifications 
they  have  undergone  are  largely  de- 
pendent upon  the  nature  of  the  other 
pecies  with  which  they  have  to  com- 
pete, or  to  whose  habits  they  must 
needs  accommodate  themselves.  In 
such  cases  it  is  easy  to  see  how  far 
Darwin's  special  conception  of  natural 
selection  helps  to  explain  and  account 
for  facts  not  easily  explicable  by  the 
older  evolutionism  of  mere  descent 
with  modification. 

1 16.  Embryology,  the  study  of  early 
development  in  the  individual  animal 
or  plant,  also  throws  much  side  light 
upon  the  nature  and  ancestry  of  each 
species  or  family.  For  example, 
gorse,  which  is  a  member  of  the  pea- 
flower  tribe,  has  in  its  adult  stage 
solid,  spiny,  thorn-like  leaves,  none  of 
which  in  the  least  resemble  the  foli- 
age of  the  clover,  to  which  it  is  closely 
related  ;  but  the  young  seedling  in  its 
earliest  stages  has  trefoil  leaves, 
which  only  slowly  pass  by  infinitesi- 
mal gradations  into  flat  blades  and 
finally  into  the  familiar  defensive 
prickles.  Here,  natural  selection 
under  stress  of  herbivorous  animals 
on  open  heaths  and  commons  has 
spared  only  those  particular  gorse- 
bushes  which  varied  in  the  direction 
of  the  stiffest  and  most  inedible  foli- 
age ;  but  the  young  plant  in  its  first 


days  still  preserves  for  us  the  trefoil 
leaf  which  it  shared  originally  with  a 
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vast  group  of  clover-like  congeners. 
The  adult  barnacle,  once  more,  pre- 
sents a  certain  fallacious  external  re- 
semblance to  a  mollusk,  and  was  act- 
ually so  classed  even  by  the  pene- 
trating and  systematic  intellect  of 
Cuvier;  but  a  glance  at  the  larva 
shows  an  instructed  eye  at  once  that 
it  is  really  a  shell-making  and  abnor- 
mal crustacean.  On  a  wider  scale, 
the  embryos  of  mammals  are  at  first 
indistinguishable  from  those  of  birds 
or  reptiles ;  the  feet  of  lizards,  the 
hoofs  of  horses,  the  hands  of  man, 
the  wings  of  the  bat,  the  pinions  of 
birds,  all  arise  from  the  same  funda- 
mental shapeless  bud,  in  the  same 
spot  of  an  almost  identical  embryo. 
Even  the  human  foetus,  at  a  certain 
stage  of  its  development,  is  provided 
with  gill-slits,  which  point  dimly  back 
to  the  remote  ages  when  its  ancestor 
was  something  very  like  a  fish.  The 
embryo  is  a  picture,  more  or  less  ob- 
scured and  blurred  in  its  outline,  of 
the  common  progenitor  of  a  whole 
great  class  of  plants  or  animals. 

117.  Finally,  classification  points 
in  the  same  way  to  the  affiliation  of 
all  existing  genera  and  species  upon 
certain  early  divergent  ancestors. 
The  whole  scheme  of  the  biological 
system,  as  initiated  by  Linnaeus  and 
improved  by  Cuvier,  Jussieu,  De 
Candolle,  and  their  successors,  is 
essentially  that  of  a  genealogical  tree. 
The  prime  central  vertebrate  ances- 
tor— to  take  the  case  of  the  creatures 
most  familiar  to  the  general  reader — 
appears  to  have  been  an  animal  not 
unlike  the  existing  lancelet,  a  mud- 
haunting,  cartilaginous,  undeveloped 
fish,  whose  main  lineaments  are  also 
embryologically  preserved  for  us  in 
the  ascidian  larva  and  the  common 
tadpole.  From  this  early  common 
center  have  been  developed,  appar- 
ently, in  one  direction  the  fishes,  and 
in  another  the  amphibian  tribes  of 
frogs,  newts,  salamanders,  and  axo- 
lotls.  From  an  early  amphibian, 
again,  the  common  ancestor  of  birds, 
reptiles,  and  mammals  seems  to  have 
diverged:  the  intermediate  links  be- 
tween bird  and  reptile  being  faintly 


traced  among  the  extinct  deinosau- 
rians  and  the  archaeopteryx,  some 
years  subsequently  to  the  first  ap- 
pearance of  the  "  Origin  of  Species  ;  " 
while  the  ornithorhyncus,  which  to 
some  extent  connects  the  mammals, 
and  especially  the  marsupials,  with  the 
lower  egg-laying  types  of  vertebrate, 
was  already  well  known  and  thor- 
oughly studied  before  the  publication 
of  Darwin's  great  work.  Throughout, 
the  indications  given  by  all  the  chief 
tribes  of  animals  and  plants  point 
back  to  slow  descent  and  divergence 
from  common  ancestors ;  and  all  the 
subsequent  course  of  palaeontological 
research  has  supplied  us  rapidly,  one 
after  another,  with  the  remains  of  just 
such  undifferentiated  family  starting- 
points. 

118.  Stress  has  mainly  been  laid 
in  this  brief  and  necessarily  imperfect 
abstract,  on  the  essentially  Darwinian 
principle  of  natural  selection.  But 
Darwin  did  not  himself  attribute 
everything  to  this  potent  factor  in  the 
molding  of  species.  "  I  •  am  con- 
vinced," he  wrote  pointedly  in  the  in- 
troduction to  his  first  edition,  "that 
natural  selection  has  been  the  main 
but  not  the  exclusive  means  of  modi- 
fication." He  attributed  consider- 
able importance  as  well  to  the  La- 
marckian  principle  of  use  and  disuse, 
already  so  fully  insisted  upon  before 
him  by  Mr.  Herbert  Spencer.  The 
chief  factors  in  his  compound  theory, 
as  given  in  his  own  words  at  the  end 
of  his  work,  are  as  follows :  "  Growth 
with  Reproduction ;  Inheritance, 
which  is  almost  implied  by  reproduc- 
tion ;  Variability,  from  the  indirect 
and  direct  action  of  the  conditions  of 
life,  and  from  use  and  disuse  ;  a  Ratio 
of  Increase,  so  high  as  to  lead  to  a 
Struggle  for  Life,  and  as  a  conse- 
quence to  Natural  Selection,  entail- 
ing Divergence  of  Character,  and  the 
Extinction  of  the  less  improved 
forms.  Thus,  from  the  war  of  na- 
ture, from  famine  and  death,  the 
most  exalted  object  which  we  are 
capable  of  conceiving,  namely,  the 
production  of  the  higher  animals,  di- 
rectly follows." 
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Such  was  the  simple  and  inoffen- 
sive-looking bomb-shell  which  Dar- 
win launched  from  his  quiet  home  at 
Down  into  the  very  midst  of  the  tele- 
ological  camp  in  the  peaceful  year 
1839.  Subsequent  generations  will 
remember  the  date  as  a  crisis  and 
turning-point  in  the  history  of  man- 
kind. 


CHAPTER  VII. 

THE  DARWINIAN  REVOLUTION  BEGINS. 

So  far  as  the  scientific  world  was 
concerned  the  "  Origin  of  Species  " 
fell,  like  a  grain  of  mustard  seed, 
upon  good  and  well-prepared  ground; 
the  plant  that  sprang  from  it  grew  up 
forthwith  into  a  great  and  stately 
tree,  that  overshadowed  with  its 
spreading  branches  all  the  corners 
of  the  earth. 

119.  The   soil,   indeed,   had   been 
carefully  broken  for  it  beforehand : 
Lamarck  and   St.   Hilaire,   Spencer 
and     Chambers,     had    plowed     and 
harrowed  in  all  diligence;  and  the 
minds  of  men  were  thoroughly  ready 
for  the  assimilation  of  the  new  doc- 
trine.    But  the  seed  itself,  too,  was 
the  right  germ  for  the  exact  moment ; 
it  contained  within  itself  the  vivify- 
ing principle  that  enabled  it  to  grow 
and    wax    exceeding    great    where 
kindred  germs  before  had  withered 
away,  or  had  borne  but  scanty  and 
immature  fruit. 

Two  conditions  contributed  to  this 
result,  one  external,  the  other  in- 
ternal. 

1 20.  First  for  the  less  important 
external  consideration.  Darwin  him- 
self was  a  sound  man  with  an  estab- 
lished   reputation    for   solidity   and 
learning.  That  gained  for  his  theory 
from  the  very  first  outset  universal 
respect  and  a  fair  hearing.    Herbert 
Spencer  was  known  to  be  a  philoso- 
pher; and -the  practical  English  na- 
tion mistrusts    philosophers :    those 
people  probe  too  deep  and  soar  too 
high  for  any  sensible  person  to  follow 
them  in    all    their    flights.    Robert 
Chambers,  the   unknown   author  of 
"  Vestiges    of     Creation,"     was    a 


shallow  sciolist ;  it  was  whispered 
abroad  that  he  was  even  inaccurate 
and  slovenly  in  his  facts ;  and  your 
scientific  plodder  detests  the  very 
shadow  of  minute  inaccuracy,  though 
it  speak  with  the  tongues  of  men  and 
angels,  and  be  bound  up  with  all  the 
grasp  and  power  of  a  Newton  or  a 
Goethe.  But  Charles  Darwin  was  a 
known  personage,  an  F.R.S.,  a  dis- 
tinguished authority  upon  coral  reefs 
and  barnacles,  a  great  geologist,  a 
great  biologist,  a  great  observer  and 
indefatigable  collector.  His  book 
came  into  the  public  hands  stamped 
with  the  imprimatur  of  official  recog- 
nition. Darwin  was  the  father  of  the 
infant  theory;  Lyell  and  Hooker 
stood  for  its  sponsers.  The'  world 
could  not  afford  to  despise  its  con- 
tents ;  they  could  not  brand  its  author 
offhand  as  a  clever  dreamer  or  a 
foolish  amateur,  or  consign  him  to 
the  dreaded  English  limbo  of  the 
"  mere  theorist." 

121.  Next,  for  the  other  and  far 
more  important    internal    consider- 
ation. The  book  itself  was  one  of  the 
greatest,  the  most  learned,  the  most 
lucid,    the    most    logical,    the    most 
crushing,  the  most  conclusive,  that 
the  world  had  ever  yet  seen.    Step  by 
step,   and  principle  by   principle,  it 
proved  every  point  in  its  progress 
triumphantly  before  it  went  on  to 
demonstrate  the  next.     So  vast  an 
array  of  facts  so  thoroughly  in  hand 
had  never  before  been  mustered  and 
marshaled  in  favor  of  any  biological 
theory.     Those  who  had  insight  to 
learn  and  understand  were  convinced 
at  once  by  the  cogency  of  the  argu- 
ment ;  those  who  had  not  were  over- 
powered and  silenced  by  the  weight 
of  the  authority  and  the  mass  of  the 
learning.    A  hot  battle  burst  forth  at 
once,  no  doubt,  around  the  successful 
volume;    but    it  was  one  of  those 
battles  which  are  aroused  only  by 
great  truths, —  a  battle  in  which  the 
victory  is  a  foregone  conclusion  and 
the  rancor  of  the  assailants  the  high- 
est compliment  to  the  prowess  of  the 
assailed. 

122.  Darwin  himself,  in  his  quiet 
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country  home  at  Down,  was  simply 
astonished  at  the  rapid  success  of  his 
own  work.  The  first  edition  was 
published  at  the  end  of  November, 
1859 ;  it  was  exhausted  almost  im- 
mediately, and  a  second  was  got 
ready  in  hot  haste  by  the  beginning  of 
January,  1860.  In  less  than  six  weeks 
the  book  had  become  famous,  and 
Darwin  found  himself  the  center  of  a 
European  contest,  waged  with  exceed- 
ing bitterness,  over  the  truth  or  fals- 
ity of  his  wonderful  volume.  To  the 
world  at  large  Darwinism  and  evolu- 
tion became  at  once  synonymous 
terms.  The  same  people  who  would 
entirely  ascribe  the  Protestant  Refor- 
mation to  the  account  of  Luther,  and 
the  inductive  philosphy  to  the  account 
of  Bacon,  also  believed,  in  the  simplic- 
ity of  their  hearts,  that  the  whole 
vast  evolutionary  movement  was  due 
at  bottom  to  that  very  insidious  and 
dangerous  book  of  Mr.  Darwin's. 

123.  The  fact  is,  profound  as  had 
been  the  impulses  in  the  evolutionary 
direction  among  men  of  science  be- 
fore Darwin's  work  appeared  at  all, 
immense  as  were  the  throes  and 
pangs  of  labor  throughout  all  Europe 
which  preceded  and  accompanied  its 
actual  birth,  when  it  came  at  last  it 
came  to  the  general  world  of  unscien- 
tific readers  with  all  the  sudden  viv- 
idness and  novelty  of  a  tremendous 
earthquake.  Long  predestined,  it 
was  yet  wholly  unexpected.  Men  at 
large  had  known  nothing  or  next  to 
nothing  of  this  colossal  but  hidden 
revolutionary  force  which  had  been 
gathering  head  and  energy  for  so 
many  years  unseen  within  the  bowels 
of  the  earth  ;  and  now  that  its  outer 
manifestation  had  actually  burst  upon 
them,  they  felt  the  solid  ground  of 
dogmatic  security  bodily  giving  way 
beneath  their  feet,  and  knew  not 
where  to  turn  in  their  extremity  for 
support.  Naturally,  it  was  the  theo- 
logical interest  that  felt  itself  at  first 
most  forcibly  assailed.  The  first  few 
chapters  of  Genesis,  or  rather  the  be- 
lief in  their  scientific  and  historical 
character,  already  sapped  by  the  reve- 


defenders  to  be  fatally  undermined  if 
the  Darwinian  hypothesis  were  once 
to  meet  with  general  recognition.  The 
first  resource  of  menaced  orthodoxy 
is  always  to  deny  the  alleged  facts ; 
the  second  is  to  patch  up  tardily  the 
feeble  and  hollow  modus  vivendi  of  an 
artificial  pact.  On  this  occasion  the 
orthodox  acted  strictly  after  their 
kind  :  but  to  their  credit  it  should  be 
added  that  they  yielded  gracefully  in 
the  long  run  to  the  unanimous  voice 
of  scientific  opinion.  Twenty-three 
years  later,  when  all  that  was  mortal 
of  Charles  Darwin  was  being  borne 
with  pomp  and  pageantry  to  its  last 
resting-place  in  Westminster  Abbey, 
enlightened  orthodoxy,  with  generous 
oblivion,  ratified  a  truce  over  the  dead 
body  of  the  great  leader,  and,  out- 
growing its  original  dread  of  natural- 
istic interpretations,  accepted  his 
theory  without  reserve  as  "  not  neces- 
sarily hostile  to  the  main  fundamental 
truths  of  religion."  Let  us  render 
justice  to  the  vanquished  in  a  memor- 
able struggle.  Churchmen  followed 
respectfully  to  the  grave  with  frank 
and  noble  inconsistency  the  honored 
remains  of  the  very  teacher  whom  less 
than  a  quarter  of  a  century  earlier  they 
had  naturally  dreaded  as  loosening 
the  traditional  foundations  of  all  ac- 
cepted religion  and  morality. 

124.  But  if  the  attack  was  fierce 
and  bitter,  the  defense  was  assisted 
by  a  sudden  access  of  powerful  forces 
from  friendly  quarters.  A  few  of  the 
elder  generation  of  naturalists  held 
out,  indeed,  for  various  shorter  or 
longer  periods  ;  some  of  them  never 
came  into  the  camp  at  all,  but  lingered 
on,  left  behind,  like  stragglers  from 
the  onward  march,  by  the  younger 
biologists,  in  insolated  nonconformity 
on  the  lonely  heights  of  austere  offi- 
cialism. Their  business  was  to  ticket 
and  docket  and  pigeon-hole,  not  to 
venture  abroad  on  untried  wings  in- 
to the  airy  regions  of  philosophical 
speculation.  The  elder  men,  in  fact, 
had  many  of  them  lost  that  elasticity 
and  modifiability  of  intellect  which  is 
necessary  for  the  reception  of  new 
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cepts.  A  mind  that  has  hardened 
down  into  the  last  stage  of  extreme 
maturity  may  assimilate  fresh  facts 
and  fresh  minor  principles,  but  it  can- 
not assimilate  fresh  synthetic  systems 
of  the  entire  cosmos.  Moreover, 
some  of  the  elder  thinkers  were  com- 
mitted beforehand  to  opposing  views, 
with  which  they  lacked  either  the 
courage  or  the  intellectual  power  to 
break ;  while  others  were  entangled 
by  religious  restrictions,  and  unable 
to  free  themselves  from  the  cramping 
fetters  of  a  narrow  orthodoxy.  But 
even  among  his  own  contemporaries 
and  seniors  Darwin  found  not  a  few 
whose  minds  were  thoroughly  pre- 
pared beforehand  for  the  reception  of 
his  lucid  and  luminous  hypothesis  ; 
while  the  younger  naturalists,  with 
the  plasticity  of  youth,  assimilated  al- 
most to  a  man,  with  the  utmost  avid- 
ity, the  great  truths  thus  showered 
down  upon  them  by  the  preacher  of 
evolution. 

125.  Sir  Joseph  Hooker  and  Pro- 
fessor Huxley  were  among  the  first  to 
give  in  their  adhesion  and  stand  up 
boldly  for  the  new  truth  by  the  side 
of  the  reckless  and  disturbing  innova- 
tor. In  June,  1859,  nearly  a  year  after 
the  reading  of  the  Darwin-Wallace 
papers  at  the  Linnaean  Society,  but 
five  months  previously  to  the  publica- 
tion of  the  "Origin  of  Species,"  Hux- 
ley lectured  at  the  Royal  Institution 
on  "  Persistent  Types  of  Animal  Life," 
and  declared  against  the  old  barren 
theory  of  successive  creations,  in  favor 
of  the  new  and  fruitful  hypothesis  of 
gradual  modification.  In  December, 
1859,  a  month  later  than  the  appear- 
ance of  Darwin's  book,  Hooker  pub- 
lished his  "  Introduction  to  the  Flora 
of  Australia,"  in  the  first  part  of  which 
he  championed  the  belief  in  the  de- 
scent and  modification  of  species,  and 
enforced  his  views  by  many  original 
observations  drawn  from  the  domain 
of  botanical  science.  For  fifteen 
years,  as  Darwin  himself  gratefully 
observed  in  his  introduction  to  the 
"  Origin  of  Species,"  that  learned  bot- 
anist had  shared  the  secret  of  natural 
selection,  and  aided  its  author  in 


every  possible  way  by  his  large  stores 
of  knowledge  and  his  excellent  judg- 
ment. Bates,  the  naturalist  on  the 
Amazons,  followed  fast  with  his  beau- 
tiful and  striking  theory  of  mimicry,  a 
crucial  instance  well  explained.  The 
facts  of  the  strange  disguises  which 
birds  and  insects  often  assume  had 
long  been  present  to  his  acute  mind, 
and  he  hailed  with  delight  the  discov- 
ery of  the  new  principle,  which  at 
once  enabled,  him  to  reduce  them  with 
ease  to  symmetry  and  order.  To 
Herbert  Spencer,  an  evolutionist  in 
fiber  from  the  very  beginning,  the  fresh 
doctrine  of  natural  selection  came  like 
a  powerful  ally  and  an  unexpected  as- 
sistant in  deciphering  the  deep  funda- 
mental problems  on  which  he  was  at 
that  moment  actually  engaged ;  and 
in  his  "Principles  of  Biology,"  even 
then  in  contemplation,  he  at  once 
adopted  and  utilized  the  new  truth 
with  all  the  keen  and  vigorous  insight 
of  his  profound  analytic  and  synthetic 
intellect.  The  first  part  of  that  im- 
portant work  was  issued  to  subscribers 
just  three  years  after  the  original  ap- 
pearance of  the  "Origin  of  Species," 
the  first  volume  was  fully  completed 
in  October,  1864.  It  is  to  Mr.  Spen- 
cer that  we  owe  the  pellucid  expres- 
sion "survival  of  the  fittest,"  which 
conveys  even  better  than  Darwin's 
own  phrase,  "natural  selection,"  the 
essential  element  added  by  the  "  Ori- 
gin of  Species "  to  the  pre-existing 
evolutionary  conception. 

126.  The  British  Association  for 
the  Advancement  of  Science  held  its 
big  annual  doctrinaire  picnic  the  next 
summer  after  the  publication  of  Dar- 
win's book,  at  Oxford.  The  Oxford 
meeting  was  a  stormy  and  a  well-re- 
membered one.  The  "  Origin  of 
Species  "  was  there  discussed  and  at- 
tacked before  a  biological  section 
strangely  enough  presided  over  by 
Darwin's  old  Cambridge  teacher,  Pro- 
fessor Henslow.  Though  then  a  ben- 
eficed  parish  priest,  Henslow  had  the 
boldness  frankly  to  avow  his  own  ac- 
ceptance of  his  great  pupil's  startling 
conclusions.  Huxley  followed  in  the 
same  path,  as  did  also  Lubbock  and 
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Hooker.  On  the  whole,  the  evolu- 
tionists were  already  in  the  ascend- 
ant ;  the  fresh  young  intellects  espe- 
cially being  quick  to  seize  upon  the 
new  pabulum  so  generously  dealt  out 
to  them  by  the  new  evolutionism. 

127.  Among  scientific  minds  of  the 
first  order,  Lyell  alone  in  England, 
heavily  weighted  by  theological  pre- 
conceptions, for  awhile  hung  back. 
All  his  life  long,  as  his  letters  show 
us,  the  great  geologist  had  felt  the 
powerful  spell  of  the  Lamarckian  hy- 
pothesis continually  enticing  him  with 
its  seductive  charm.  He  had  fought 
against  it  blindly,  in  the  passionate 
endeavor  to  preserve  what  he  thought 
his  higher  faith,  in  the  separate  and 
divine  creation  of  man  ;  but  ever  and 
anon  he  returned  anew  to  the  biolog- 
ical Circe  with  a  fresh  fascination,  as 
the  moth  returns  to  the  beautiful  flame 
that  has  scorched  and  singed  it.  In 
a  well-known  passage  in  the  earlier 
editions  of  his  "  Principles  of  Geol- 
ogy," the  father  of  uniformitarianism 
gives  at  length  his  own  reasons  for 
dissenting  from  the  doctrine  of  evolu- 
tion as  then  set  forth ,  and  even  after 
Darwin's  discovery  had  supplied  him 
with  a  new  clue,  a  vera  causa,  a  suffi- 
cient power  for  the  modification  of 
species  into  fresh  forms,  theological 
difficulties  made  him  cling  still  as 
long  as  possible  to  the  old  theory  of 
the  origin  of  man  which  he  loved  to 
describe  as  that  of  the  "  archangel 
ruined."  He  was  loth  to  exchange 
this  cherished  belief  for  the  degrading 
alternative  (as  it  approved  itself  to 
him)  of  the  ape  elevated.  But  in  the 
end,  with  the  fearless  honesty  of  a 
searcher  after  truth,  he  gave  way 
slowly  and  regretfully.  Always  look- 
ing back  with  something  like  remorse 
to  the  flesh-pots  of  the  ecclesiastical 
Egypt,  with  its  enticing  visions  of 
fallen  grandeur,  the  great  thinker 
whose  uniformitarian  theory  of  geol- 
ogy had  more  than  aught  else  paved 
the  way  for  the  gradual  acceptance  of 
Darwin's  evolutionism,  came  out  at 
last  from  the  house  of  bondage,  and 
nobly  ranged  himself  on  the  side  of 
what  his  intellect  judged  to  be  the 
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truth  of  nature,  though  his  emotions 
urged  him  hard  to  blind  his  judgment 
and  to  neglect  its  lights  for  an  emo- 
tional figment.  Science  has  no  more 
pathetic  figure  than  that  of  the  old 
philosopher,  in  his  sixty  sixth  year, 
throwing  himself  with  all  the  eager- 
ness of  youth  into  what  he  had  long 
considered  the  wrong  scale,  and  vig- 
orously wrecking  in  the  "  Antiquity 
of  Man  "  what  seemed  to  the  dimmed 
vision  of  his  own  emotional  nature 
the  very  foundations  of  his  beloved 
creed.  But  still  he  did  it.  He  came 
out  and  was  separate.  In  his  own  id- 
iomatic language,  he  found  at  last  that 
"  we  must  go  the  whole  ourang  "  ;  and, 
deep  as  was  the  pang  that  the  recan- 
tation cost  him,  he  formally  retracted, 
the  condemnation  of  "  transformism  " 
in  his  earlier  works,  and  accepted 
however  unwillingly,  the  theory  he 
had  so  often  and  so  deliberately  re- 
jected. 

128.  The  "Antiquity  of  Man* 
came  out  in  February,  1863,  some 
three  years  after  the  "  Origin  of  Spe 
cies."  For  some  time  speculation 
had  been  active  over  the  strange 
hatchets  which  Boucher  de  Perthes 
had  recently  unearthed  among  the 
Abbeville  drift — shapeless  masses  of 
chipped  flint  rudely  fashioned  into 
the  form  of  an  axe,  which  we  now  call 
palaeolithic  implements,  and  know  to 
be  the  handicraft  of  preglacial  men. 
But  until  Lyell's  authoritative  work 
appeared  the  unscientific  public  could 
not  tell  exactly  what  to  think  of  these 
curious  and  almost  unhuman-lpoking 
objects.  Lyell  at  once  set  all  doubts 
at  rest;  the  magic  of  his  name  si- 
lenced the  derisive  whispers  of  the 
dissidents.  Already,  in  the  previous 
year,  the  first  fasciculus  of  Colenso's 
famous  work  on  the  Pentateuch  had 
dealt  a  serious  blow  from  the  ecclesi- 
astical and  critical  side  at  the  authen- 
ticity and  historical  truth  of  the  Mo- 
saic cosmogony.  Lyell  now  from  the 
scientific  side  completely  demolished 
its  literal  truth,  as  ordinarily  inter- 
preted, by  throwing  back  the  primitive 
origin  of  our  race  into  a  dim  past  of 
immeasurable  antiquity.  In  so  doing 
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he  was  clearing1  the  way  for  Charles 
Darwin's  second  great  work,  "  The 
Descent  of  Man  "  ;  and  by  incorpo- 
rating in  his  book  Huxley's  remarks 
on  the  Neanderthal  skull,  and  much 
similar  evolutionary  matter,  he  adver- 
tised the  new  creed  in  the  animal  ori- 
gin of  our  race  with  all  the  acquired 
weight  of  his  immense  and  justly-de- 
served European  reputation.  As  a 
matter  of  taste,  Lyell  did  not  relish 
the  application  of  evolutionism  to  his 
own  species.  But,  with  that  perfect 
loyalty  to  fact  which  he  shared  so 
completely  with  Charles  Darwin,  as 
soon  as  he  found  the  evidence  over- 
whelming, he  gave  in.  By  that  grudg- 
ing concession  he  immensely 
strengthened  the  position  of  the  new 
creed.  "  I  plead  guilty,"  he  writes  to 
Sir  Joseph  Hooker,  "to going  farther 
in  my  reasoning  toward  transmu- 
tation than  in  my  sentiments  and  im- 
agination, and  perhaps  for  that  very 
reason  I  shall  lead  more  people  on  to 
Darwin  and  you,  than  one  who,  being 
born  later,  like  Lubbock,  has  com- 
paratively little  to  abandon  of  old  and 
long-cherished  ideas,  which  consti- 
tuted the  charm  to  me  of  the  the- 
oretical part  of  the  science  in  my 
earlier  days."  And  to  Darwin  himself 
he  writes  regretfully.  "  The  descent 
^f  man  from  the  brutes  takes  away 
much  of  the  charm  from  my  specu- 
lations on  the  past  relating  to  such 
matters."  This  very  reluctance  itself 
told  powerfully  in  favor  of  Charles 
Darwin's  novel  theories:  there  is  no 
evidence  more  valuable  to  a  cause 
than  that  which  it  extorts  by  moral 
force,  in  spite  of  himself,  from  the 
faltering  lips  of  an  unwilling  witness. 

129.  The  same  year  that  saw  the 
publication  of  Lyell's  "Antiquity  of 
Man,"  saw  also  the  first  appearance 
of  Huxley's  work  on  "  Man's  Place 
in  Nature."  Darwin  himself  had  been 
anxious  rather  than  otherwise  to 
avoid  too  close  reference  to  the  im- 
plications of  his  theory  as  regards  the 
origin  and  destiny  of  the  human  race. 
He  had  desired  that  his  strictly  sci- 
entific views  on  the  rise  of  specific 


distinctions  should  be  judged  entirely 
on  their  own  merits,  unhampered  by 
the  interference  of  real  or  supposed 
theological  and  ethical  consider- 
ations. His  own  language  on  all  such 
subjects,  wherever  he  was  compelled 
to  trench  on  them  in  the  "  Origin  of 
Species,"  was  guarded  and  concilia- 
tory; he  scarcely  referred  at  all  to 
man  or  his  history ;  and  his  occasional 
notices  of  the  moving  principle  and 
first  cause  of  the  entire  cosmos  were 
reverential  and  religious  in  the  truest 
sense  and  in  the  highest  degree.  But 
you  cannot  let  loose  a  moral  whirl- 
wind, and  then  attempt  to  direct  its 
course ;  yon  cannot  open  the  flood- 
gates of  opinion  or  of  speculation, 
and  then  pretend  to  set  limits  to  the 
scope  of  their  restless  motion.  Dar- 
win soon  found  out  that  people  would 
insist  in  drawing  inferences  beyond 
what  was  written,  and  in  seeing  im- 
plicit conclusions  when  they  were 
not  definitely  formulated  in  the  words 
of  their  author.  "  Man  is  perennially 
interesting  to  man,"  says  the  great 
chaotic  American  thinker ;  and  what- 
ever all-embracing  truth  you  set  be- 
fore him,  you  may  be  sure  the  man 
will  see  in  it  chiefly  the  implications 
that  most  closely  affect  his  own  hap- 
piness and  his  own  destiny.  The  bio- 
logical question  of  the  origin  of 
species  is  a  sufficiently  wide  one,  but 
it  includes  also,  among  other  cases, 
the  origin  of  the  very  familiar  species 
Homo  sapiens  of  Linnaeus.  Some 
theologians  jumped  at  once  at  the 
conclusion,  right  or  wrong,  that  if 
Darwinism  were  true  man  was  noth- 
ing more  than  a  developed  monkey, 
the  immortal  soul  was  an  exploded 
myth,  the  foundations  of  religion  it- 
self were  shattered,  and  the  wave  of 
infidelity  was  doomed  to  swamp  the 
whole  of  Christendom  with  its  blank 
nihilism.  Scientific  men  on  the  other 
hand,  drew  the  conclusions  that 
man  must  be  descended,  like  other 
mammals,  from  some  common 
early  vertebrate  ancestor,  and  that 
the  current  views  of  his  origin 
and  destiny  must  be  largely  modi- 
fied by  the  evolutionary  creed. 
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Of  this  profound  scientific  belief  Pro- 
fessor Huxley's  maiden  work  was  the 
earliest  outcome. 

130.  Meantime,  on  the  continent 
of  Europe  and  over-sea  in  America, 
the  Darwinian  theory  was  being 
hotly  debated  and  warmly  defended. 
France,  coldly  skeptical  and  critical, 
positive  rather  than  imaginative  in 
matters  of  science,  and  little  prone  by 
native  cast  of  mind  to  the  evolution- 
ary attitude,  stood  aloof  to  a  great  ex- 
tent from  the  onward  course  of  the 
general  movement.  Here  and  there, 
to  be  sure,  a  Gaudry  or  a  Ribot,  a 
Delbceuf  or  a  De  Candolle  (the  .two 
latter  a  Liege  Belgian  and  a  Gene- 
van Swiss)  might  heartily  throw  him- 
self into  the  new  ideas,  and  contrib- 
ute whole  squadrons  of  geological  or 
botanical  fact  to  the  final  victory. 
Yet,  as  a  whole,  the  dry  and  cautious 
French  intelligence,  ever  inclined  to 
a  scientific  opportunism,  preferred 
for  the  moment  to  stand  by  expect- 
ant and  await  the  result  of  the  Eu- 
ropean consensus.  But  philosoph- 
ical Germany,  on  the  other  hand, 
beaming  enthusiasm  from  its  myriad 
spectacles,  eagerly  welcomed  the 
novel  ideas,  and  proclaimed  from  the 
housetops  the  evolutionary  faith  as  a 
main  plank  in  the  rising  platform  of 
the  newly-roused  Kulturkampf.  Fritz 
Miiller  began  with  all  the  ardor 
of  a  fresh  convert  to  collect  his 
admirable  "  Facts  for  Darwin  "  ;  his 
brother  Hermann  sat  down  with  in- 
domitable patience,  like  the  master's 
own,  to  watch  the  ceaseless  action  of 
the  bees  and  butterflies  in  the  fertil- 
ization of  flowers.  Rutimeyer  ap- 
plied the  Darwinian  principles  to  the 
explanation  of  mammalian  relation- 
ships, and  Haeckel  set  to  work  upon 
his  vast  reconstructive  "  History  of 
Creation,"  a  largely  speculative  work 
which,  with  all  its  faults,  distinctly 
carried  forward  the  evolutionary  im- 
pulse, and  set  fresh  researchers  work- 
ing upon  new  lines,  to  confirm  or 
to  disprove  its  audacious  imagin- 
ings. In  America,  Asa  Gray  gave  to 
the  young  creed  the  high  authority  of 
his  well-known  name,  and  Chauncey 


Wright  helped  it  onward  on  the  road 
with  all  the  restrained  force  of  his 
singular  and  oblique  but  powerful 
and  original  personality.  If  Agassiz 
and  Dawson  still  hesitated,  Fiske 
and  Youmans  were  ardent  in  the 
faith.  If  critical  Boston  put  up  its 
eye-glass  doubtfully,  Chicago  and 
St.  Louis  were  ready  for  conversion. 
Everywhere  Darwin  and  Darwinism 
became  as  household  words  ;  it  was 
the  singular  fate  of  the  great  prophet 
of  evolution,  alone  almost  among  the 
sons  of  men,  to  hear  his  own  name 
familiarly  twisted  during  his  own  life- 
time into  a  colloquial  adjective,  and 
to  see  the  Darwinian  theory  and  the 
errors  of  Danvinism  staring  him  in 
the  face  a  hundred  times  a  day  from 
every  newspaper  and  every  periodi- 
cal. 

131.  Of  course  the  "  Origin  of 
Species "  was  largely  translated  at 
once  into  all  the  civilized  languages 
of  Europe,  Russian  as  well  as  French, 
Dutch  as  well  as  German,  Swedish 
as  well  as  Italian,  Spanish  as  well  as 
Hungarian,  nay  even,  at  last,  tran- 
scending narrow  continental  limits, 
Japanese  as  well  as  Hindustani. 
The  revolution  which  it  was  rapidly 
effecting  was  indeed  a  revolution  in 
every  mode  of  thought  and  feeling  as 
well  as  a  revolution  in  mere  restricted 
biological  opinion.  But  all  this  time, 
the  modest,  single-minded,  and  un- 
assuming author  was  working  unmoved 
among  his  plants  and  pigeons  in  his 
home  at  Down,  regardless  of  the  Eu- 
ropean fame  he  was  so  quickly  acquir- 
ing, and  anxious  only  to  bring  to  a  ter- 
mination the  vast  work  which  he  still 
contemplated.  A  little  more  than 
eleven  years  intervened  between  the 
publication  of  the  "  Origin  of  Spe- 
cies," in  1859,  and  the  first  appear- 
ance of  the  "  Descent  of  Man,"  in 
1871.  The  interval  was  occupied  in 
carrying  out  in  part  the  gigantic 
scheme  of  his  original  collections  for 
the  full  treatment  of  the  develop- 
ment theory.  The  work  published  in 
1859  Darwin  regarded  merely  as  an 
abstract  and  preliminary  outline  of 
his  tull  opinions  :  "  No  one  can  feel 
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more  sensible  than  I  do,"  he  wrote, 
"  of  the  neccessity  of  hereafter  pub- 
lishing in  Detail  all  the  facts,  with 
references,  on  which  my  conclusions 
have  been  grounded."  The  marvel- 
ously  learned  work  on  the "  Varia- 
tion of  Animals  and  Plants  under 
Domestication,"  which  came  out  in 
two  volumes  in  1867,  formed  the 
first  installment  of  this  long-projected 
treatise.  The  second  part,  as  he 
told  Mr.  Fiske,  was  to  have  treated 
of  the  variation  of  animals  and  plants 
through  natural  selection  ;  while  the 
third  part  would  have  dealt  at  length 
with  the  phenomena  of  morphology, 
of  classification,  and  of  distribution 
in  space  and  time.  But  these  latter 
portions  of  the  work  were  never  writ- 
ten. To  say  the  truth,  they  were 
never  needed.  So  universal  was  the 
recognition  among  the  younger  men 
of  Darwin's  discovery,  that  be- 
fore ten  years  were  over  innumerable 
workers  were  pushing  out  the  conse- 
quences of  natural  selection  into 
every  field  of  biology  and  paleon- 
tology. It  seemed  no  longer  so  nec- 
essary as  it  had  once  seemed  to 
write  the  larger  and  more  elaborate 
treatise  he  had  originally  contem- 
plated. 

132.  The  volume  on  the  variation 
of  animals  and  plants  contained  also 
Darwin's  one  solitary  contribution  to 
the  pure  speculative  philosophy  of 
life — his  "  Provisional  Hypothesis  of 
Pangenesis,"  by  which  he  strove  to 
account  on  philosophical  principles 
for  the  general  facts  of  physical  and 
mental  heredity.  Not  to  mince  mat- 
ters, it  was  his  one  conspicuous  fail 
ure,  and  is  now  pretty  universally  ad- 
mitted as  such.  Let  not  the  love  of 
the  biographer  deceive  us ;  Darwin 
was  here  attempting  a  task  ultra 
vires.  As  already  observed,  his 
mind,  vast  as  it  was,  leaned  rather  to 
the  concrete  than  to  the  abstract 
side :  he  lacked  the  distinctively 
metaphysical  and  speculative  twist. 
Strange  to  say,  too,  his  abortive 
theory  appeared  some  years  later 
than  Herbert  Spencer's  magnificent 
all-sided  conception  of  "  Physiolog- 


ical Units,"  put  forth  expressly  to 
meet  the  self-same  difficulty.  But 
while  Darwin's  hypothesis  is  rudely 
materialistic,  Herbert  Spencer's  is 
built  up  by  an  acute  and  subtle  ana- 
lytical perception  of  all  the  anal- 
ogous facts  in  universal  nature.  It  is 
a  singular  instance  of  a  crude  and 
essentially  unphilosophic  conception 
endeavoring  to  replace  a  finished 
and  delicate  philosophical  idea. 

133.  Earlier  still,  in  1862,  Darwin 
had  published  his  wonderful  and  fas- 
cinating book  on  the  "  Fertilization 
of  Orchids."  It  is  delightful  to  con- 
template the  picture  of  the  unruffled 
naturalist,  in  the  midst  of  that  univer- 
sal storm  of  ecclesiastical  obloquy 
and  scientific  enthusiasm  which  he 
had  roused  throughout  Europe,  sitting 
down  calmly  in  his  Kentish  conserva- 
tory to  watch  the  behavior  of  catase- 
tums  and  masdevallias,  and  to  work 
out  the  details  of  his  chosen  subject, 
with  that  marvelous  patience  of 
which  he  was  so  great  a  master,  in 
the  pettiest  minutiae  of  fertilization 
as  displayed  by  a  single  highly  devel- 
oped" family  of  plants.  Whoever 
wishes  to  learn  the  full  profundity  of 
Darwin's  researches,  into  every  point 
that  he  set  himself  to  investigate, 
cannot  do  better  than  turn  for  awhile 
to  the  consideration  of  that  exquisite 
treatise  on  one  of  the  quaintest  fairy- 
lands of  science.  He  will  there 
learn  by  what  an  extraordinary 
wealth  of  cunning  devices  natural  se- 
lection has  ensured  the  due  convey- 
ance of  the  fecundating  pollen  from 
stamens  to  stigmas  within  the  limits 
of  a  single  group  of  vegetable  organ- 
isms. Here  the  fertilizing  mass  is 
gummed  automatically  between  the 
eyes  of  the  exploring  bee,  and  then 
bent  round  by  the  drying  of  its  stalk 
so  as  to  come  in  contact  with  the  stig- 
matic  surface.  There  the  pollen  club 
is  jerked  out  elastically  by  a  sensitive 
fiber,  and  actually  flung  by  its  irrita- 
ble antennae  at  the  unconscious  head 
of  the  fertilizing  insect.  In  one  case, 
the  lip  of  the  flower  secretes  moisture 
and  forms  a  sort  of  cold  bath,  which 
wets  the  wings  of  the  bees,  so  com 
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polling  them  to  creep  out  of  the 
bucket  by  a  passage  close  to  the  an- 
thers and  stigma;  in  another  case, 
the  honey  is  concealed  at  the  bottom 
of  so  long  a  tube  that  only  the  proper 
fertilizing  moth  with  a  proboscis  of 
ten  or  eleven  inches  in  length  can 
probe  the  deep  recess  in  which  it  is 
hidden.  These,  and  a  hundred  other 
similar  instances,  were  all  carefully 
considered  and  described  by  the 
great  naturalist  as  the  by-work  with 
which  he  filled  up  one  of  the  intervals 
between  his  greater  and  more  com- 
prehensive treatises. 

134.  In  the  decade  between  1860 
and  1870  the  progress  of  Darwinism 
was  rapid  and  Continuous.  One  by 
one,  the  few  scientific  men  who  still 
held  out  were  overborne  by  the 
weight  of  evidence.  Geology  kept 
supplying  fresh  instances  of  transi- 
tional forms  ;  the  progress  of  research 
in  unexplored  countries  kept  adding 
to  our  knowledge  of  existing  inter- 
mediate species  and  varieties.  Dur- 
ing those  ten  years,  Herbert  Spencer 
published  his  "First  Principles," 
his  "  Biology,"  and  the  remodeled 
form  of  his  "  Psychology  " ;  Huxley 
brought  out "  Man's  Place  in  Nature," 
the  "  Lectures  on  Comparative  Anat- 
omy," and  the  "  Introduction  to  the 
Classification  of  Animals  "  ;  Wallace 
produced  his  "  Malay  Archipelago  " 
and  his  "  Contributions  to  the  Theory 
of  Natural  Selection  " ;  and  Gallon 
wrote  his  admirable  work  on  "  Hered- 
itary Genius,"  of  which  his  own 
family  is  so  remarkable  an  instance. 
Tyndall  and  Lewes  had  long  since 
signified  their  warm  adhesion.  At  Ox- 
ford, Rolleston  was  bringing  up  a  fresh 
generation  of  young  biologists  in  the 
new  faith;  at  Cambridge,  Darwin's 
old  university,  a  whole  school  of 
brilliant  and  accurate  physiologists 
was  beginning  to  make  itself  both  felt 
and  heard  in  the  world  of  science. 
In  the  domain  of  anthropology,  Ty- 
lor  was  welcoming  the  assistance  of 
the  new  ideas,  while  Lubbock  was 
engaged  on  his  kindred  investigations 
into  the  Origin  of  Civilization  and 


the  Primitive  Condition  of  Man.  All 
these  diverse  lines  of  thought  both 
showed  the  wide-spread  ^influence  of 
Darwin's  first  great  work,  and  led  up 
to  the  preparation  of  his  second,  in 
which  he  dealt  with  the  history  and 
development  of  the  human  race. 
And  what  was  thus  true  of  England 
was  equally  true  of  the  civilized 
world,  regarded  as  a  whole  :  every- 
where the  great  evolutionary  move- 
ment was  well  in  progress ;  every- 
where the  impulse  sent  forth  from 
that  quiet  Kentish  home  was  permeat- 
ing and  quickening  the  entire  pulse  of 
intelligent  humanity. 

135.  Why  was  it  that  the  "  Origin 
of  Species"  possessed  this  extra- 
ordinary vitalizing  and  kinetic  power, 
this  germinal  energy,  this  contagious 
force,  beyond  all  other  forms  of 
evolutionism  previously  promulgated  ? 
Why  did  the  world  that  listened  so 
coldly  to  Lamarck  and  Chambers, 
turn  so  ready  an  ear  to  Charles  Dar- 
win and  natural  selection  ?  Partly, 
no  doubt,  because  in  the  fullness  of 
time  the  moment  had  come  and  the 
prophet  had  arisen.  All  great  move- 
ments are  long  brewing,  and  burst 
out  at  last  (like  the  Reformation  and 
the  French  Revolution)  with  explosive 
energy.  But  the  cause  is  largely  to 
be  found,  also,  I  believe,  in  the  pecul- 
iar nature  of  the  Darwinian  solution. 
True,  a  thoroughly  logical  mind,  a 
mind  of  the  very  highest  order,  would 
have  said  even  before  Darwin,  "  Crea- 
tion can  have  no  possible  place  in 
the  physical  series  of  things  at  all. 
How  organisms  came  to  be  I  do  not 
yet  exactly  see ;  but  I  am  sure  they 
must  have  come  to  be  by  some  merely 
physical  process,  if  we  could  only 
find  it  out."  And  such  minds  were 
all  actually  evolutionary  even  before 
Darwin  had  made  the  modus  operandi 
of  evolution  intelligible.  But  most 
people  are  not  so  clear-sighted. 
They  require  to  have  everything 
proved  to  them  by  the  strictest  collo- 
cation of  actual  instances.  They 
will  not  believe  unless  one  rise  from 
the  dead.  There  are  men  who  re- 
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jected  the  raw  doctrine  of  special 
creation  on  evidence  adduced  ;  and 
there  are  men  who  never  even  for  a 
moment  entertained  it  as  conceivable. 
The  former  compose  the  mass  of  the 
scientific  world,  and  it  was  for  their 
conversion  that  the  Darwinian  hy- 
pothesis was  so  highly  salutary.  As 
Professor  Fiske  rightly  remarks, 
"  The  truth  is  that  before  the  publi- 
cation of  the  '  Origin  of  Species ' 
there  was  no  opinion  whatever  cur- 
rent respecting  the  subject  that  de- 
served to  be  called  a  scientific  hypoth- 
esis. That  the  more  complex  forms 
of  life  must  have  come  into  existence 
through  some  process  of  development 
.from  simpler  forms  was  no  doubt  the 
[only  sensible  and  rational  view  to 
*take  of  the  subject;  but  in  a  vague 
and  general  opinion  of  this  sort  there 
is  nothing  that  is  properly  scientific. 
A  scientific  hypothesis  must  connect 
the  phenomena  with  which  it  deals 
by  alleging  a  '  true  cause  ' ;  and  be- 
fore 1859  no  one  had  suggested  a 
*  true  cause  '  for  the  origination  of 
new  species,  although  the  problem 
was  one  over  which  every  philosoph- 
ical naturalist  had  puzzled  since  the 
beginning  of  the  century.  This  ex- 
plains why  Mr.  Darwin's  success  was 
so  rapid  and  complete,  and  it  also  ex- 
plains why  he  came  so  near  being  an- 
ticipated." To  put  it  briefly,  a  priori, 
creation  is  from  the  very  first  unbeliev- 
able ;  but,  as  a  matter  of  evidence, 
Lamarck  failed  to  make  evolution 
comprehensible,  or  to  give  a  rationale 
of  its  mode  of  action,  while  Darwin's 
theory  of  natural  selection  succeeded 
in  doing  so  for  those  who  awaited  a 
posteriori  proof.  Hence  Darwin  was 
able  to  convert  the  world,  where 
Lamarck  had  only  been  able  to  stir 
up  enquiry  among  the  picked  spirits 
of  the  scientific  and  philosophical 
coterie.  Therein  lies  the  true  secret 
of  his  rapid,  his  brilliant,  and  his 
triumphant  progress.  He  had  found 
out  not  only  that  it  was  so,  but  how  it 
was  so,  too.  In  Aristotelian  phrase, 
he  had  discovered  the  T«?  as  well  as 
the  6n. 


CHAPTER  VIII. 

THE   DESCENT   OF    MAN. 

IN  1871,  nearly  twelve  years  after 
the  "  Origin  of  Species,"  Darwin  pub- 
lished his  "  Descent  of  Man." 

136.  We  have  seen  already  that  he 
would  fain   have   avoided   the   treat- 
ment of  this  difficult  and  dangerous 
topic  a  little  longer,  so  as  to  let  his 
main  theory  be  fairly  judged  on  its 
own  merits,  without  the  obtrusion  of 
theological  or  personal  feelings  into 
so  purely  biological  a  question  ;  but 
the  current  was  too  strong  for  him, 
and  at  last  he  yielded.     On  the  one 
hand,  the  adversaries  had  drawn  for 
themselves  the  conclusion  of  man's 
purely  animal  origin,  and  held  it  up 
to  ridicule  under  false  forms  in  the 
most   absurd  and  odious   light.     On 
the  other  hand,  imprudent  allies  had 
put  forth  under  the  evolutionary  aegis 
their  somewhat  hypothetical  and  ex- 
travagant  speculations    on    this    in- 
volved   subject,   which   Darwin   was 
naturally  anxious  to  correct  and  mod- 
ify by  his  own  more  sober  and  guard- 
ed  inferences.     The   result  was   the 
second  great  finishing  work   of   the 
complete  Darwinian  system  of  things. 

137.  Ever  since  evolutionism  had 
begun  to  be  at  all,  it  had  been  ob- 
served that  a  natural  corollary  from 
the  doctrine  of  descent  with  modifica- 
tion was  the  belief  in  man's  common 
ancestry   with   the   anthropoid   apes. 
As  early  as  the  middle  of  the  last 
century,  indeed,  Lord   Monboddo,  a 
whimsical  Scotch  eccentric,  had  sug- 
gested  in   his   famous   book   on   the 
origin  of  language  the  idea  that  men 
were     merely     developed     monkeys. 
But  this  crude  and  unorganized  state- 
ment of  a  great  truth,  being  ultimately 
based    upon     no     distinct     physical 
grounds,    deserved    scarcely    to    be 
classed  higher  than  the  childish  evo- 
lutionism of  "  Telliamed  "  De  Maillet, 
which  makes  birds  descend  from  fly- 
ing-fish and  men  the  offspring  of  the 
hypothetical   tritons.     On   this  point 
as  on  most  others  the  earliest  definite 
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scientific  views  are  those  of  Buff  on, 
who  ventured  to  hint  with  extreme 
caution  the  possibility  of  a  common 
ancestry  for  man  and  all  other  verte- 
brate animals.  Goethe  the  all-sided 
had  caught  a  passing  glimpse  of  the 
same  profound  conception  about  the 
date  of  the  Reign  of  Terror;  and 
Erasmus  Darwin  had  openly  an- 
nounced it,  though  without  much 
elaboration,  in  his  precocious  and 
premature  "  Zoonomia."  Still  more 
specifically,  in  a  note  to  the  "  Temple 
of  Nature,"  the  English  evolutionist 
says :  "  It  has  been  supposed  by 
some  that  mankind  were  formerly 
quadrupeds.  .  .  .  These  philosophers, 
with  Buffon  and  Helvetius,  seem  to 
imagine  that  mankind  arose  from  one 
family  of  monkeys  on  the  banks  of 
the  Mediterranean ;  "  and  in  the  third 
canto  of  that  fantastic  poem,  he  en- 
larges upon  the  great  part  performed 
by  the  hand,  with  its  opposable  thumb, 
in  the  development  and  progress  of 
the  human  species.  Lamarck,  in  his 
"  Philosophic  Zoologique,"  distinctly 
lays  down  the  doctrine  that  man  is 
descended  from  an  ape-like  ancestor, 
which  gradually  acquired  the  upright 
position,  not  even  now  wholly  natural 
to  the  human  race,  and  maintained 
only  by  the  most  constant  watchful- 
ness. The  orang-outang  was  then 
the  highest  known  anthropoid  ape; 
and  it  was  from  the  orang-outang, 
therefore,  that  the  fancy  of  Lyell  and 
other  objectors  in  the  pre-Darwinian 
days  continually  derived  the  Lamarck- 
ian  Adam. 

138.  The  introduction  of  the  chim- 
panzee into  our  European  Zoological 
Gardens  gave  a  fresh  type  of  anthro- 
poid to  the  crude  speculators  of  the 
middle  decades  of  the  century;  and 
in  1859,  Paul  du  Chaillu,  the  explorer 
and  hunter  of  the  Gaboon  country, 
brought  over  to  America  and  Europe 
the  first  specimens  of  the  true  gorilla 
ever  seen  by  civilized  men.  There 
can  be  little  doubt  that  the  general 
interest  excited  by  his  narrative  of  his 
adventures  (published  in  London  in 
1861)  and  by  the  well-known  stuffed 
specimen  of  the  huge  African  anthro- 


poid ape  so  long  conspicuous  in  the 
rooms  of  the  British  Museum,  and 
now  surviving  (somewhat  the  worse 
for  wear)  in  the  natural  history  collec- 
tion at  South  Kensington,  did  much 
to  kindle  public  curiosity  as  to  the 
nature  of  our  relations  with  the  lower 
animals.  It  is  no  mere  accidental 
circumstance,  indeed,  that  Huxley 
should  have  brought  out  "  Man's 
Place  in  Nature  "  just  two  years  after 
Du  Chaillu's  "  Explorations  and  Ad- 
ventures in  Equatorial  Africa "  had 
made  the  whole  world,  lay  and  learned, 
familiar  with  the  name  and  features 
of  the  most  human  in  outer  aspect 
among  the  anthropoid  family.  Thence- 
forth the  gorilla,  and  not  the  orang- 
outang, was  popularly  hit  upon  by 
scoffer  and  caricaturist  as  the  imagi- 
nary type  of  our  primitive  ancestors. 

139.  On  the  other  hand,  during  the 
twelve  intervening  years  immense 
strides  had  been  made  in  every  de- 
partment of  anthropological  science, 
and  the  whole  tenor  of  modern  specu- 
lation had  been  clearing  the  ground 
for  the  "  Descent  of  Man."  In  1865, 
Rolle  in  Germany  had  published  his 
work  on  "  Man  Viewed  by  the  Light 
of  the  Darwinian.  Theory."  Two 
years  later,  Canestrini  in  Italy  read 
before  the  Naturalists'  Society  of 
Modena  his  interesting  paper  on  ru- 
dimentary characters  as  bearing  on 
the  origin  of  the  human  species.  In 
1868,  Biichner  brought  out  his  rudely 
materialistic  sledgehammer  lectures  on 
the  Darwinian  principle  ;  and  in  1869, 
Barrage  flung  straight  at  the  head  of 
the  Roman  clericals  his  offensive 
work  on  man  and  the  anthropoid 
apes.  Most  of  these  foreign  publica- 
tions were  unhappily  marked  by  that 
coarse  and  almost  vituperative  oppo- 
sition to  received  views  which  too  oft- 
en disfigures  French  and  German 
controversial  literature.  In  England, 
on  the  contrary,  under  our  milder  and 
gentler  ecclesiastical  yoke,  the  con- 
test had  been  conducted  with  greater 
decorum  and  with  far  better  results. 
Wallace  had  broken  ground  tentatively 
and  reverently  in  his  essay  on  the 
"  Origin  of  Human  Races,"  where  he 
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endeavored  to  show  that  man  is  the 
co-descendant  with  the  anthropoid 
apes  of  some  ancient  lower  and  ex- 
tinct form.  Lubbock's  "  Prehistoric 
Times  "  (1865)  and  "  Origin  of  Civili- 
zation "  (1870)  helped  to  clear  the 
way  in  the  opposite  direction  by  de- 
molishing the  old  belief,  firmly  upheld 
by  Whately  and  others,  that  savages 
represent  a  degraded  type,  and  that 
the  civilized  state  is  natural  and,  so 
to  speak,  congenital  to  man.  Ty- 
lor's  "  Early  History  of  Mankind " 
(1865)  did  still  more  eminent  service 
in  the  same  direction.  Colenso's 
"  Pentateuch  and  Book  of  Joshua 
Critically  Examined,"  the  publication 
of  which  began  in  1862,  had  already 
shaken  the  foundations  of  the  Mosaic 
cosmogony,  and  incidentally  discred- 
ited the  received  view  of  the  direct 
creation  of  the  first  human  family. 
M'Lennan's  "  Primitive  Marriage  " 
(1865)  and  Herbert  Spencer's  articles 
on  the  origin  of  religion  had  kept 
speculation  alive  along  other  paths,  all 
tending  ultimately  toward  the  same 
conclusion.  Darwin's  own  cousin, 
Hensleigh  Wedgwood,  and  Canon 
Farrar  had  independently  endeavored 
to  prove  that  language,  instead  of  be- 
ing a  divine  gift,  might  have  arisen  in 
a  purely  natural  manner  from  instinct- 
ive cries  and  the  imitation  of  external 
sounds.  The  Duke  of  Argyll  and 
Professor  Max  Miiller,  by  the  obvious 
feebleness  of  their  half-hearted  re- 
plies, had  unconsciously  aided  in  dis- 
seminating and  enforcing  the  very 
views  they  attempted  to  combat. 
Bagehot  and  Flower,  Maudsley  and 
Jevons,  Vogt  and  Lindsay,  Galton 
and  Brown-Sequard  had  each  in  his 
way  contributed  facts  and  arguments 
ultimately  utilized  by  the  great  mas- 
ter architect  in  building  up  his  con- 
sistent and  harmonious  edifice.  Fi- 
nally, in  1868,  Haeckel  had  published 
his  "  Natural  History  of  Creation,"  in 
which  he  discussed  with  surprising 
and  perhaps  excessive  boldness  the 
various  stages  in  the  genealogy  of 
man.  These  various  works,  following 
so  close  upon  Huxley's  "  Man's  Place 
;„  XT,,*.,,,,  »  an(j  Lye]]'s  conclusive 
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"  Antiquity  of  Man,"  left  Darwin  no 
choice  but  to  set  forth  his  own  rea- 
soned opinions  on  the  subject  of  the 
origin  and  development  of  the  human 
species. 

140.  The  evidence  of  the  descent 
of  man  from  some  lower  form,  col- 
lected   and    marshaled    together  by 
Darwin,  consists  chiefly  of  minute  in- 
ferential  proofs  which  hardly  admit 
of   deliberate   condensation.     In   his 
bodily  structure  man  is  formed  on  the 
same  underlying  type  or  model  as  all 
the  other  mammals,  bone  answering 
throughout  to  bone,  as,  for  example, 
in  the  fore  limb,  where  homologous 
parts  have  been  modified  in  the  dog 
into  toes,  in  the  bat  into  wing-supports, 
in  the  seal  into  flippers  and  in  man 
himself  into  fingers  and  thumb,  while 
still  retaining  in  every  case  their  es- 
sential fundamental  likeness  of  con- 
struction.    Even   the   brain   of   man 
resembles  closely  the   brain   of   the 
higher  monkeys;  the  differences  which 
separate  him  in  this  respect  from  the 
orang  or  the  gorilla  are  far  slighter 
than   the  differences  which  separate 
those   apes   themselves  from   the  in- 
ferior monkeys.     Indeed,  as  Huxley 
conclusively   showed,   on   anatomical 
grounds  alone,  man  must  be  classed 
in   the  order   Primates  as   only  one 
among    the    many   divergent    forms 
which  that  order  includes  within  its 
wide  limits. 

141.  In  his  embryonic  development 
man  closely  resembles  the  lower  ani- 
mals, the  human  creature  being  almost 
indistinguishable  in  certain  stages  from 
the  dog,  the  bat,  the  seal,  and  espe- 
cially the  monkeys.     At  a  very  early 
age  he  possesses  a  slight  projecting 
tail;    at   another,   the    great    toe   is 
shorter   than  its  neighbors,  and  pro- 
jects like  the  thumb  at  a  slight  angle ; 
and  at  a  third,  the  convolutions  of 
the  brain  reach  a  point  of  develop- 
ment about  equivalent  to  that  of  the 
adult    baboon.     In    his   first    stages 
man  himself  stands  far  more  closely 
related  to  the  apes  than  the  apes  in 
turn  stand  to  cats  or  hyaenas. 

142.  Rudiments    of    muscles    not 
normally  found  in  man  occur  in  many 
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aberrant  human  individuals.  Some 
people  possess  the  power  of  moving 
their  scalps  and  wagging  their  ears 
like  dogs  and  monkeys;  others  can 
twitch  the  skin  of  their  bodies,  as 
horses  do  when  worried  by  flies.  Mr. 
Woolner,  the  sculptor,  pointed  out  to 
Darwin  a  certain  little  projecting 
point  or  knob  on  the  margin  of  the 
ear,  observed  by  him  in  the  course  of 
modeling,  which  comparison  shows 
to  be  the  last  folded  remnant  or  rudi- 
ment of  the  once  erect  and  pointed 
monkey-like  ear-tip.  The  nictitating 
membrane,  or  third  eyelid,  once 
more,  which  in  birds  can  be  drawn 
so  rapidly  across  the  ball  of  the 
eye,  and  which  gives  the  familiar 
glazed  or  murky  appearance,  is  fairly 
well  developed  in  the  ornithorhyn- 
chus  and  the  kangaroo,  as  well  as 
in  a  few  higher  mammals,  like  the 
walrus ;  but  in  man,  as  in  the  mon- 
key group,  it  survives  only  under 
the  degenerate  form  of  a  practically 
useless  rudiment,  the  semilunar  fold. 
Man  differs  from  the  other  Primates 
in  his  apparently  hairless  condition  ; 
but  the  hair,  though  short  and  downy, 
still  remains  on  close  inspection,  and 
in  some  races,  such  as  the  Ainos  of 
Japan,  forms  a  shaggy  coat  like  an 
orang's  or  a  gibbon's.  A  few  long 
rough  hairs  sometimes  project  from 
the  short  smooth  down  of  the  eye- 
brows ;  and  these  peculiar  bristles 
occasional  only  in  the  human  species, 
are  habitual  in  the  chimpanzee  and 
in  many  baboons.  Internal  organs 
show  similar  rudiments,  of  less  en- 
thralling interest,  it  must  be  candidly 
confessed,  to  the  unscientific  outside 
intelligence.  Even  the  bony  skeleton 
contributes  its  share  of  confirmatory 
evidence;  for  in  the  lower  monkeys 
and  in  many  other  mammals  a  certain 
main  trunk  nerve  passes  through  a 
special  perforation  in  the  shoulder- 
blade,  and  this  perforation,  though 
now  almost  obsolete,  sometimes  re- 
curs in  man,  in  which  case  the  nerve 
in  question  invariably  passes  through 
it,  as  in  the  inferior  monkeys.  What 
is  still  more  remarkable  is  the  fact 
fhat  the  perforation  occurs  far  more 


frequently  (in  proportion)  among  the 
skeletons  of  very  ancient  races  than 
among  those  of  our  own  time.  One 
chief  cause  why  in  this  and  other 
cases  ancient  races  often  present 
structures  resembling  those  of  the 
lower  animals  seems  to  be  that  they 
stand  nearer  in  the  long  line  of  de- 
scent to  their  remote  animal-like  pro- 
genitors. 

The  conclusion  at  which,  after  fully 
examining  all  the  evidence,  Darwin 
finally  arrives  is  somewhat  as  fol- 
lows: 

143.  The  early  ancestors  of  man 
must  have  been  more  or  less  monkey- 
like  animals,  belonging  to  the  great 
anthropoid  group,  and  related  to  the 
progenitors  of  the  orang-outang,  the 
chimpanzee,  and  the  gorilla.  They 
must  have  been  once  covered  with 
hair,  both  sexes  possessing  beards. 
Their  ears  were  probably  pointed  and 
capable  of  movement,  and  their 
bodies  were  provided  with  a  movable 
tail.  The  foot  had  a  great  toe  some- 
what thumb-like  in  its  action,  with 
which  they  could  grasp  the  branches 
of  trees.  They  were  probably  ar- 
boreal in  their  habits,  fruit-eaters  by 
choice,  and  inhabitants  of  some 
warm  forest-clad  land.  The  males 
had  great  canine  teeth,  with  which 
they  fought  one  another  for  the  pos- 
session of  the  females.  At  a  much 
earlier  period,  the  internal  anatom- 
ical peculiarities  approached  those  of 
the  lowest  mammals,  and  the  eye  was 
provided  with  a  third  eyelid.  Peer- 
ing still  further  back  into  the  dim 
abyss  of  the  ages,  Darwin  vaguely 
describes  the  ancestors  of  humanity 
as  aquatic  animals,  allied  to  the  mud- 
fish ;  for  our  lungs  are  known  to  con- 
sist Of  modified  swim-bladders,  which 
must  once  have  served  our  remote 
progenitors  in  the  office  of  a  float. 
The  gill-clefts  on  the  neck  of  the 
human  embryo  still  point  to  the  spot 
where  the  branchiae  once,  no  doubt, 
existed.  Our  primordial  birthplace 
appears  to  have  been  a  shore  washed 
twice  a  day  by  the  recurrent  tides. 
The  heart  then  took  the  shape  merely 
of  a  simple  pulsating  vessel;  and  a 
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long  undivided  spinal  cord  usurped 
the  place  of  the  vertebral  column. 
These  extremely  primitive  ancestors 
of  man,  thus  dimly  beheld  across  the 
gulf  of  ages,  must  have  been  at  least 
as  simply  and  humbly  organized  as 
that  very,  lowest  and  earliest  of  exist- 
ing vertebrates,  the  worm-like  lance- 
let. 

144.  From  such  a  rude  and  indefi- 
nite beginning  natural  selection,  aided 
by  the  various  concomitant  principles, 
has   slowly  built  up  the  pedigree  of 
man.     Starting    from    these    remote 
half-invertebrate  forms,  whose  vague 
shape   is   still   perhaps   in    part   pre- 
served for  us  by  the  soft  and  jelly-like 
larva  of  the  modern  ascidian,  we  rise 
by  long  stages  to  a  group  of   early 
fishes,  like  the  lancelet  itself.     From 
these  the  ganoids  and  then  the  lung- 
bearing    mudfish     must    have    been 
gradually  developed.     From  such  fish 
a  very  small  advance  would  carry  us 
on  to  the  newts  and  other  amphibians. 
The   duck-billed    platypus    helps   us 
slightly  to  bridge   over  the  gap  be- 
tween   the    reptiles    and    the    lower 
mammals,  such  as  the  kangaroo  and 
the  wombat,   though  the  connection 
with  the  amphibians  is  still,  as  when 
Darwin   wrote,  highly  problematical. 
From  marsupials,  such  as  the  kanga- 
roo, we  ascend  gradually  to  the  insec 
tivorous    type     represented    by    the 
shrews   and  hedgehogs,    and   thence 
once  more  by  very  well-marked  inter- 
mediate stages  to  the  lemurs  of  Mad- 
agascar, a  group   linked  on  the  one 
hand  to  the  insectivores,  and  on  the 
other    to    the    true    monkeys.     The 
monkeys   again,  ''  branched  off    into 
two  great  stems — the  New  World  and 
Old  World  monkeys ;    and  from  the 
latter,  at  a  remote  period,  man,  the 
wonder   and   glory   of   the    universe, 
proceeded." 

145.  The    word    was   spoken  ;   the 
secret    was   out.      The    world   might 
well  have  been  excused  for  treating  it 
scornfully.     But  as  a  matter  of  fact, 
the    storm  which  followed  the  "  De- 
scent of  Man  "  was  as  nothing  com- 
pared with  the  torrent  of  abuse  that 
had  pursued  the  author  of  the  "  Origin 


of  Species."  In  twelve  years  society 
had  grown  slowly  accustomed  to  the 
once  startling  idea,  and  it  listened 
now  with  comparatively  languid  inter- 
est to  the  final  utterance  of  the  great 
biologist  on  the  question  of  its  own 
origin  and  destinies.  In  1859  it  cried 
in  horror,  "  How  very  shocking  !  "  in 
1871,  it  murmured  complacently,  "Is 
that  all  ?  Why,  everybody  knew  that 
much  already  !  " 

146.  Nevertheless,  on  the  moral  and 
social   side,  the  ultimate  importance 
of  the  "  Descent  of  Man  "  upon  the 
world's   history  can   hardly  be   over- 
rated  by   a  philosophic   investigator. 
Vast  as  was  the  revolution  effected  in 
biology  by  the  "  Origin  of  Species,"  it 
was  as  nothing  compared  with  the  still 
wider,  deeper,  and  more  subtly-work- 
ing revolution  inaugurated  by  the  an- 
nouncement of  man's  purely   animal 
origin.     The  main  discovery,  strange 
to   say,  affected   a   single   branch  of 
thought   alone;  the   minor  corollary 
drawn  from  it  to  a  single  species  has 
already  affected,  and   is   destined  in 
the   future   still  more   profoundly  to 
affect,  every  possible  sphere  of  human 
energy.     Not  only  has   it  completely 
reversed  our  entire  conception  of  his- 
tory  generally,  by   teaching  us  that 
man  has  slowly  risen  from  a  very  low 
and  humble  beginning,  but  it  has  also 
revolutionized  our  whole  ideas  of  oui 
own  position  and  our  own  destiny,  it 
has  permeated  the  sciences  of  language 
and   of   medicine,  it   has   introduced 
new   conceptions   of   ethics    and    of 
religion,  and  it  threatens  in  the  future 
to  produce  immense  effects  upon  the 
theory  and  practice  of  education,  of 
politics,  and  of  economic  and  social 
science.      These   wide-reaching   and 
deep-seated   results  began  to  be  felt 
from  the  first  moment  when  the  Dar- 
winian  principle   was  definitely  pro- 
mulgated in  the  "  Origin  of  Species," 
but  their  final  development  and  gen- 
eral acceptance  was  immensely  accel- 
erated by  Darwin's  own  authoritative 
statement  in  the  "  Descent  of  Man." 

147.  To  some  among  us  still,  as  to 
Lyell  before  us,  this  new  belief  in  the 
animal  origin  of  man  seems  far  less 
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beautiful,  noble,  and  inspiriting  than 
the  older  faith  in  his  special  and  sep- 
arate divine  creation.  Such  thinkers 
find  it  somehow  more  pleasant  and 
comfortable  to  suppose  that  man  has 
fallen  than  that  man  has  risen ;  the 
doctrine  of  the  universal  degradation 
of  humanity  paradoxically  appears  to 
them  more  full  of  promise  and  aspira- 
tion for  the  times  to  come  than  the  doc- 
trine of  its  universal  elevation.  To 
Darwin  himself,  however,  it  seemed 
otherwise.  "  Man,"  he  says, ''  maybe 
excused  for  feeling  some  pride  at  hav- 
ing risen,  though  not  through  his  own 
exertions,  to  the  very  summit  of  the  or- 
ganic scale  ;  and  the  fact  of  his  having 
thus  risen,  instead  of  having  been  abo- 
riginally placed  there,  may  give  him 
hope  for  a  still  higher  destiny  in  the 
distant  future."  Surely  this  is  the 
truer  and  manlier  way  of  looking  at 
the  reversed  and  improved  attitude  of 
man.  Surely  it  is  better  to  climb  to  the 
top  than  to  have  been  placed  there — 
and  fallen — at  the  very  outset.  Surely 
it  is  a  nobler  view  of  life  that  we  may 
yet  by  our  own  strenuous  exertions 
raise  our  race  some  places  higher  in 
the  endless  and  limitless  hierarchy 
of  nature  than  that  we  are  the  miser- 
able and  hopelessly  degenerate  de- 
scendants of  a  ruined  and  degraded 
angelic  progenitor.  Surely  it  is  well, 
while  we  boast  with  Glaucus  that  we 
indeed  are  far  braver  and  better  than 
our  ancestors,  to  pray  at  the  same 
time,  in  the  words  of  Hector,  that 
our  sons  may  be  yet  braver  and  bet- 
ter than  ourselves. 


CHAPTER  IX 

THE   THEORY    OF    COURTSHIP. 

IN  the  same  volumes  with  the  "  De- 
scent of  Man  "  Darwin  included  his 
admirable  treatise  on  sexual  selection. 
This  form  of  selection  he  had  already 
dealt  with  briefly  in  the  "  Origin  of 
Species ;  "  but  as  in  his  opinion  it 
was  largely  instrumental  in  producing 
the  minor  differences  which  separate 


one  race  of  men  from  another,  he 
found  it  necessary  to  enlarge  and  ex- 
pand it  in  connection  with  his  account 
of  the  rise  and  progress  of  the  human 
species. 

148.  Among  many  animals,  and  es- 
pecially in  the  higher  classes  of  ani- 
mals, the     males     and     females    do 
not   mate    together  casually ;     there 
is   a  certain  amount   of  selection   or 
of    courtship.       In   some    cases,    as 
with  deer   and  antelopes,  the   males 
fight  with  one  another  for  the  posses- 
sion of  the  females.     In  other  cases, 
as  with  the  peacock  and  the  humming- 
birds, the  males  display  their  beauty 
and  their  skill  before  the  eyes  of  the 
assembled  females.     In  the   first  in- 
stance, the  victor  obtains  the  mates  ; 
in   the   second    instance,   the   mates 
themselves  select  from  the  group  the 
handsomest     and     most     personally 
pleasing  competitor.      Sexual   selec- 
tion, of  which  these  are  special  cases, 
depends  on  the  advantage  possessed 

I  by  certain  individuals  over  others  of 
i  the  same  sex  and  species  solely  in  re- 
i  spect  to  the  question  of  mating.     In 
;  all  such  instances,  the  males  have  ac- 
quired their  weapons  of  offense  and 
defense   or  their  ornamental  decora- 
tions, not  from  being  better  fitted  to 
survive  in  the  struggle  for  existence, 
but  from  having  gained  an  advantage 
over  other  males  of  the  same  kind, 
and  from  having  transmitted  this  ad- 
|  vantage  to  offspring  of  their  own  sex 
alone. 

149.  Just  as  man  can  improve  the 
breed  of  his  game-cocks  by  the  selec- 
tion of  those  birds  which  are   victo- 
rious in  the  cockpit,  so  the  strongest 
and   most   vigorous   males,  or  those 
provided  with  the  best  weapons,  have 
prevailed   in  the  state  of  nature  over 
their  feebler  and  more  cowardly  com- 
petitors.   Just  as  man  can  give  beauty, 
according    to    his   own    standard    of 
taste,  to  his  male  poultry,  by  selecting 
special  birds  for  their  plumage,  their 
port,  their  wattles,  or  their  hackles, 
so  female  birds  in  a  state  of  nature 
have  by  a   long-continued   choice   of 
the  more  attractive  males    added  to 
their  beauty  and  their  ornamental  ad- 
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juncts.  In  these  two  ways,  Darwin 
believed,  a  limited  selection  has 
slowly  developed  weapons  like  the 
horns  of  buffaloes,  the  antlers  of 


stags,  the  tusks  of  boars,  and  the  spurs  ;  nomena, 
of  game-birds,  together  with  the  cour-  i  struggle 
age,  strength,  and  pugnacity  always 
associated  with  such  special  organs. 
It  has  also  developed  the  ornamental 
plumage  of  the  peacock,  the  argus 
pheasant,  and  the  birds  of  paradise  ; 
the  song  of  the  lark,  the  thrush, 
and  the  nightingale ;  the  brilliant 
hues  on  the  face  of  the  mandrill ; 
and  the  attractive  perfume  of  the 
musk-deer,  the  snakes,  and  the  scented 
butterflies.  Wherever  one  sex  pos- 
sesses any  decorative  or  alluring  ad- 
junct not  equally  shared  by  the  other, 
Darwin  attributed  this  special  gift 
either  to  the  law  of  battle,  or  to  the 
long  and  slowly  exerted  selective  ac- 
tion of  their  fastidious  mates. 

150.  The  germ   of   the  doctrine  of 
sexual  selection  is   to  be   found,  like 
so     many    other     of     Charles    Dar- 
win's theories,  in   a   prophetic  pass- 
age of  his  grandfather's  "  Zoonomia." 
Stags,  the  Lichfield  physician  tells  us, 
are   provided    with    antlers  "for   the 
purpose  of  combating  other  stags  for 
the   exclusive   possession  of   the   fe- 
males,  who  are   observed,    like   the 
ladies  in  the   time  of  chivalry,  to  at- 
tend the  car  of  the  victor.     The  birds 
which  do  not  carry  food  to  their  young, 
and  do  not  therefore  marry,  are  armed 
with  spurs  for  the  purpose  of  fighting 
for   the  exclusive  possession   of   the 
females,  as  cocks  and  quails.     It   is 
certain  that   these  weapons   are   not 
provided   for    their   defense    against 
other    adversaries,    because    the   fe- 
males  of   these  species  are    without 
this  armor.     The  final  cause   of  this 
contest  among  the  males  seems  to  be 
that   the  strongest    and   most   active 
animal  should  propagate  the  species, 
which     should     thence    become   im- 
proved.*' 

151.  It  must  be  noticed,  however, 
that  Erasmus  Darwin  here  imports  in- 
to the  question  the  metaphysical  and 
teleological  notion  of  the  final  cause, 
implying   that    the    struggle   of     the 


males  was  ordained  from  without,  for 
this  express  and  preconceived  pur- 
pose ;  whereas  Charles  Darwin, 
never  transcending  the  world  of  phe- 


more  logically  regards  the 
itself  as  an  efficient  cause, 
having  for  its  result  the  survival  of 
the  strongest  or  the  handsomest  as 
the  case  may  be.  This  distinction  is 
fundamental ;  it  marks  the  gulf  be- 
tween the  essentially  teleological 
spirit  of  the  eighteenth  century  and 
the  essentially  positive  spirit  of  phi- 
losophy and  science  at  the  present 
day. 

152.  Here  again,  too,  the  immense 
logical  superiority  of  Charles  Dar- 
win's rigorous  and  exhaustive  induct- 
ive method  over  the  loose  suggestive- 
ness  of  his  grandfather  Erasmus  may 
easily  be  observed.  For  while 
Erasmus  merely  throws  out  a  clever 
and  interesting  hint  as  to  the  sup- 
posed method  and  intention  of  nature, 
Charles  Darwin  proves  his  thesis, 
point  by  point,  with  almost  mathe- 
matical exactitude,  leaving  no  objec- 
tion unmet  behind  him,  but  giving 
statistical  and  inductive  warrant  for 
every  step  in  his  cumulative  argu- 
ment. He  goes  carefully  into  the 
numerical  proportion  of  the  two  sexes 
in  various  species  ;  into  the  relative 
dates  of  arrival  in  any  particular  coun- 
try of  the  males  and  females  of  mi- 
gratory birds ;  into  the  question 
whether  any  individuals  ever  remain 
in  the  long  run  unpaired  ,  into  the 
chances  of  the  earliest-mated  or  most 
vigorous  couples  leaving  behind  more 
numerous  or  stronger  offspring  to  rep- 
resent them  in  the  next  generation. 
He  collects  from  every  quarter  and 
from  all  sources  whatever  available 
evidence  can  be  obtained  as  to  the 
courtship  and  rivalry  of  birds  and 
butterflies,  of  deer  and  antelopes,  of 
fish  and  lizards.  He  shows  by  nu- 
merous examples  and  quotations  how 
even  flies  coquet  together  in  their 
pretty  rhythmical  aerial  dances  ;  how 
wasps  battle  eagerly  with  one 
another  to  secure  possession  of  their 
unconcerned  mates ;  how  cicadas 
strive  to  win  their  "  voiceless  brides  " 
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with  stridulating  music  ;  how  sphinx- 
moths  endeavor  to  allure  their  part- 
ners with  the  musky  odor  of  their 
penciled  wings ;  and  how  emperors 
and  orange-tips  display  flieir  gorgeous 
spots  and  bands  in  the  broad  sun- 
shine before  the  admiring  and  atten- 
tive eyes  of  their  observant  dames. 
He  traces  up  the  same  spirit  of  rivalry 
and  ostentation  to  the  cock-pheasant 
strutting  about  before  the  attendant 
hen,  and  to  the  meeting-places  of  the 
blackcock,  where  all  the  males  of  the 
district  fight  with  one  another  and 
undertake  long  love-dances  in  regular 
tournaments,  while  the  females  stand 
by  and  watch  the  chances  and 
changes  of  the  contest  with  affected 
indifference.  Finally,  he  points  out 
how  similar  effects  are  produced  by 
like  causes  among  the  higher  animals, 
especially  among  our  near  relations 
the  monkeys  ;  and  then  he  proceeds 
to  apply  the  principles  thus  firmly 
grounded  to  the  particular  instance 
of  the  human  race  itself,  the  primary 
object  of  his  entire  treatise. 

153.  Some  of  the  most  interesting 
of  the  modifications  due  to  this  partic- 
ular form  of  selective  action  are  to 
be  found  among  the  insects  and 
other  low  types  of  animal  life.  The 
crickets,  the  locusts,  and  the  grass- 
hoppers, for  example,  are  all  famous 
for  their  musical  powers ;  but  the 
sounds  themselves  are  produced  in 
the  different  families  by  very  different 
and  quaintly  varied  organs.  The 
song  of  the  crickets  is  evoked  by  the 
scraping  of  minute  teeth  on  the  under 
side  of  either  wing-cover  ;  in  the  case 
of  the  locusts,  the  left  wing,  which 
acts  as  a  bow,  overlies  the  right  wing, 
which  serves  as  a  fiddle  ;  while  with 
the  grasshoppers,  the  leg  does  duty  as 
the  musical  instrument,  and  has  a  row 
of  lancet-shaped  elastic  knobs  along  its 
outer  surface,  which  the  insect  rubs 
across  the  nerves  of  the  wing-covers 
when  it  wishes  to  charm  the  ears  and 
rouse  the  affection  of  its  silent  mate. 
In  a  South  African  species  of  the 
same  family,  the  whole  body  of  the 
male  is  fairly  converted  into  a  musica 
instrument,  being  immensely  inflated, 


hollow,  and  distended  like  a  pellucid 
air-bladder  in  order  to  act  as  an  effi- 
cient sounding-board.  Among  the 
beetles,  taste  seems  generally  to  have 
specialized  itself  ratl  er  on  form  than 
on  music  or  color,  and  the  males  are 
here  usually  remarkable  for  their  sin- 
gular and  very  complicated  horns, 
often  compared  in  various  species  to 
those  of  stags  or  rhinoceroses,  and 
entirely  absent  in  the  females  of 
most  kinds.  But  it  is  among  the 
butterflies  and  moths  that  insect 
aestheticism  has  produced  its  greatest 
artistic  triumphs  ;  for  here  the  beauti- 
ful eye-spots  and  delicate  marking  on 
the  expanded  wing-membranes  are 
almost  certainly  due  to  sexual  selec- 
tion. 

154.  The  higher  animals  display 
like  evidence  of  the  same  slow  select- 
ive action.  The  courtship  of  the 
stickleback,  who  dances  "  mad  with 
delight  "  around  the  mate  he  has  al- 
lured into  the  nest  he  prepares  for  her, 
has  been  observed  by  dozens  of  ob- 
servers both  before  and  since  in  the 
domestic  aquarium.  The  gem-like 
colors  of  the  male  dragonet,  the  but- 
terfly wings  of  certain  gurnards,  and 
the  decorated  tails  of  some  exotic 
carps  all  point  in  the  same  direction. 
Our  own  larger  newt  is  adorned  dur- 
ing the  breeding  season  with  a  ser- 
rated crest  edged  with  orange ;  while 
in  the  smaller  kind  the  colors  of  the 
body  acquire  at  the  same  critical 
period  of  love-making  a  vivid  brill- 
iancy. The  strange  horns  and  lu- 
ridly colored  throat-pouches  of  trop- 
ical lizards  are  familiar  to  all  visitors 
in  equatorial  climates,  and  they  are 
confined  exclusively  to  the  male  sex. 
Among  birds,  the  superior  beauty  of 
the  male  plumage  is  know  to  every- 
body ;  and  their  greatest  glory  invari- 
ably coincides  with  the  special  sea- 
son for  the  selection  of  mates.  In  the 
spring,  as  even  our  poets  have  told 
us,  the  wanton  lapwing  gets  himself 
another  crest.  The  law  of  battle  pro- 
duces the  spur  of  the  game-birds  and 
the  still  stranger  wing-spurs  of  certain 
Ispecies  of  the  plover  kind.  vEsthetic 
rivalry  is  answerable  rather  for  vocal 
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music,  and  for  the  plumage  of  the 
umbrella  bird,  the  lyre-bird,  the  hum- 
ming-birds, and  the  cock  of  the  rocks. 
Among  mammals,  strength  rather  than 
beauty  seems  to  have  carried  the  day , 
horns,  and  tusks,  and  spikes,  and 
antlers  are  here  the  special  guerdon 
of  the  victorious  males.  Yet  even 
mammals  show  occasional  signs  of  dis- 
tinctly aesthetic  and  artistic  prefer- 
ences, as  in  the  gracefully  twisted 
horns  of  the  koodoo,  the  scent-glands 
of  the  musk-deer  or  of  certain  ante- 
lopes, the  brilliant  hues  of  the  male 
mandrill,  and  the  tufts  and  mus- 
taches of  so  many  monkeys. 

155.  It  must  be  frankly  conceded 
that  the  reception  accorded  to  Dar- 
win's doctrine  of  sexual  selection, 
even  among  the  biological  public,  was 
far  less  unanimous,  enthusiastic,  and 
full  than  that  which  had  been  granted 
to  his  more  extensive  theory  of  survi- 
val of  the  fittest.  Many  eminent  nat- 
uralists declined  from  the  very  outset 
to  accept  the  conclusions  thus  defi- 
nitely set  before  them,  and  others  who 
at  first  seemed  disposed  to  bow  to  the 
immense  weight  of  Darwin's  supreme 
authority  gradually  withdrew  their 
grudging  assent  from  the  new  doctrine, 
as  they  found  their  relapse  backed  up 
by  others,  and  refused  to  believe  that 
the  theory  of  courtship  had  been 
fairly  proven  before  the  final  tribunal 
of  science.  Several  critics  began  by 
objecting  that  the  whole  theory  was 
a  mere  afterthought.  Darwin,  they 
said,  finding  that  natural  selection  did 
not  suffice  by  itself  to  explain  all  the 
details  of  structure  in  man,  had  invent- 
ed sexual  selection  as  a  supplement- 
ary principle  to  help  it  over  the  hard 
places.  Those  who  wrote  and  spoke 
in  this  thoughtless  fashion  could  have 
had  but  a  very  inadequate  idea  of  Dar- 
win's close  experimental  methods  of 
inquiry.  As  a  matter  of  fact  indeed, 
they  were  entirely  wrong ,  the  doc- 
trine of  sexual  selection  itself,  already 
faintly  foreshadowed  by  Erasmus  Dar- 
win in  the  "Zoonomia,"  had  been  dis- 
tinctly developed  in  the  first  edition  of 
the  "  Origin  of  Species  "  with  at  least 
as  much  provisional  elaboration  as  any 


other  equally  important  factor  in  the 
biological  drama  as  set  forth  in  that 
confessedly  introductory  work.  Nay, 
Haeckel  had  caught  gladly  at  the  lu- 
minous conception  there  expressed, 
even  before  the  appearance  of  the 
"  Descent  of  Man,"  and  had  worked  it 
out  in  his  "  Generelle  Morphologic," 
with  great  insight,  to  its  legitimate 
conclusions  in  many  directions.  In- 
deed, the  sole  reason  why  so  much 
space  was  devoted  to  the  subject  in 
Darwin's  work  on  human  develop- 
ment was  simply  because  there  for 
the  first  time  an  opportunity  arose  of 
utilizing  his  vast  store  of  collected  in- 
formation on  this  single  aspect  of  the 
evolutionary  process.  It  was  no  after- 
thought, but  a  necessary  and  inevit- 
able component  element  of  the  fully- 
developed  evolutionary  concept. 

156.  Still,  it  cannot  be  denied  that 
naturalists    generally  did  not  accept 
with  effusion  the  new  clause   in  the 
evolutionary   creed.     Many  of   them 
hesitated  ;  a  few  acquiesced ;  the  ma- 
jority  more   or  less  openly  dissented. 
But  Darwin's   belief    remained    firm 
as  a  rock.     "  I   am  glad  you   defend 
sexual  selection,"  he  wrote  a  few  years 
later  in  a  private  letter ;  "  I  have  no 
fear  about  its  ultimate  fate,  though 
it  is  now  at  a  discount;  "  and  in  the 
preface,  to  the   second  edition  of  the 
"  Descent  of  Man  "  he  remarks  acutely, 
"  I  have  been  struck  with  the  likeness 
of   many  of  the  half-favorable    criti- 
cisms on  sexual  selection  with  those 
which    appeared  at   first   on    natural 
selection  ;  such  as  that  it  would  ex- 
plain  some  few  details,  but  certainly 
was  not  applicable  to  the  extent  to 
which  I  have  employed  it.     My  con- 
viction of  the  power  of  sexual  selec- 
tion   remains   unshaken.  .  .  .  When 
naturalists     have     become    familiar 
with  the  idea,  it  will,  as  I  believe,  be 
much  more  largely  accepted ;  and  it 
has  already  been  fully  and  favorably 
received  by  several  capable  judges. 

157.  In  spite  of  the  still  continued 
demurrer  of   not   a   few   among   the 
leading  evolutionists,   it  is  probable, 
I  think,  that  Darwin's  prophecy  on 
this  matter  will  yet  be  justified  by  the 
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verdict  of  time.  For  the  opposition 
to  the  doctrine  of  sexual  selection 
proceeds  almost  invariably,  as  it  seems 
to  me,  from  those  persons  who  still 
desire  to  erect  an  efficient  barrier  of 
one  sort  or  another  between  the  hu- 
man and  animal  worlds;  while  on 
the  contrary  the  theory  in  question  is 
almost  if  not  quite  universally  accepted 
by  just  those  rigorously  evolutionary 
biologists  who  are  freest  from  precon- 
ceptions or  special  a  priori  teleolog- 
ical  objections  of  any  kind  whatever. 
The  half  of  the  doctrine  which  deals 
with  the  law  of  battle,  indeed,  can 
hardly  be  doubted  by  any  competent 
naturalist ;  the  other  half,  which  deals 
with  the  supposed  aesthetic  prefer- 
ences of  the  females,  is,  no  doubt,  dis- 
tasteful to  certain  thinkers  because  it 
seems  to  imply  the  existence  in  the 
lower  animals  of  a  sense  of  beauty 
which  many  among  us  are  not  even 
now  prepared  generously  to  admit. 
The  desire  to  arrogate  to  mankind 
alone  all  the  higher  faculties  either  of 
sense  or  intellect  has  probably  much 
to  do  with  the  current  disinclination 
toward  the  Darwinian  idea  of  sexual 
selection.  Thinkers  who  allow  them- 
selves to  be  emotionally  swayed  by 
such  extraneous  considerations  forget 
that  the  beautiful  is  merely  that  which 
pleases ;  that  beauty  has  no  external 
objective  existence  ;  and  that  the 
range  of  taste,  both  among  ourselves 
and  among  animals  at  large,  is  prac- 
tically infinite.  The  greatest  blow  ever 
aimed  at  the  Darwinian  theory  of  sex- 
ual selection  was  undoubtedly  that 
dealt  out  by  Mr.  Alfred  Russel  Wal- 
lace (et  tu,  Brute  !)  in  his  able  and 
subtle  article  on  the  Colors  of  Ani- 
mals in  Marmillan 's  Magazine,  since 
reprinted  in  his  delightful  work  on 
"Tropical  Nature."  Wallace  there 
urges  with  his  usual  acuteness,  ingenu- 
ity and  skill  several  fundamental  objec- 
tions to  the  Darwinian  hypothesis  ol 
no  little  importance  and  weight.  But 
it  must  always  be  remembered  (with  al 
due  respect  to  the  joint  discoverer  oi 
natural  selection)  that  Mr.  Wallace 
himself,  after  publishing  his  own  admi- 
rable essay  on  the  development  of  man 


drew  back  aghast  in  the  end  from 
he  full  consequences  of  his  own  ad- 
mission, and  uttered  his  partial  recan- 
tation in  the  singular  words,  "  Natural 
selection  could  only  have  endowed 
he  savage  with  a  brain  a  little  supe- 
rior to  that  of  an  ape."  It  seems 
Drobable  that  in  every  case  an  analo- 
pus  desire  to  erect  a  firm  barrier  be- 
tween man  and  brute  by  positing  the 
faculty  for  perceiving  beauty  as  a 
special  quasi-divine  differentia  of  the 
luman  race  has  been  at  the  bottom 
of  the  still  faintly  surviving  dislike 
among  a  section  of  scientific  men  to 
sexual  selection. 

Nevertheless,  a  candid  and  impar- 
tial critic  would  be  compelled  frankly 
to  admit  that  Darwin's  admirable  the- 
ory of  courtship  has  not  on  the  whole 
proved  so  generally  acceptable  to  the 
biological  world  up  to  the  present  time 
as  his  greater  and  far  more  comprehen- 
sive theory  of  survival  of  the  fittest. 
It  still  waits  for  its  final  recognition, 
toward  which  it  is  -progressing  more 
rapidly  and  surely  every  day  it  lives. 


CHAPTER  X. 

VICTORY  AND   REST. 

THE  last  eleven  years  of  Darwin's 
life  were  spent  in  enforcing  and  de- 
veloping the  principles  already 
reached,  and  in  enjoying  the  almost 
uncheckered  progress  of  the  revolu- 
tion he  had  so  unconsciously  to  him- 
self succeeded  in  inaugurating. 

158.  Only  one  year  elapsed  between 
the  publication  of  the  "  Descent  of 
Man  "  and  that  of  its  next  important 
successor,  the  "  Expression  of  the 
Emotions."  The  occasion  of  this 
learned  and  bulky  treatise  in  itself 
stands  as  an  immortal  proof  of  the 
conscientious  way  in  which  Darwin 
went  to  work  to  anticipate  the  slight- 
est and  most  comparatively  imperti- 
nent possible  objections  to  his  main 
theories.  Sir  Charles  Bell,  in  one  of 
the  quaintly  antiquated  Bridgwater 
treatises — those  marvelous  moru- 
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ments  of  sadly  misplaced  ideological 
ingenuity — had  maintained  that  man 
was  endowed  with  sundry  small  facial 
muscles   solely   for    the    sake   of  ex- 
pressing  his   emotions.      This    view 
was  so  obviously  opposed  to   the  be- 
lief in  the  descent  of  man  from  some 
lower  form,  "  that,"  says   Darwin,  "  it 
was  necessary  for  me  to  consider  it ;  " 
and  so  he  did,    in   a   lengthy   work, 
where    the  whole  subject  is  exhaust- 
ively treated,  and  Bell's  idea  is  com- 
pletely pulverized  by  the  apt    allega- 
tion   of    analogous    expressions     in 
the  animal    world.      In  his   old   age 
Darwin  grew,  in  fact,  only  the  more 
ceaselessly  and  wonderfully  industri- 
ous.    In    1875,  after  three  years  of 
comparative  silence,  came  the   "  In- 
sectivorous Plants,"    a  work  full  of 
minute  observation  on  the  habits  and 
manners  of  the  sundew,  the  butter- 
wort,  the  Venus's  fly-catcher,  and  the 
various   heterogeneous    bog-haunting 
species  known  by  the  common  name 
of   pitcher   plants.      The   bare   mass 
and  weight  of  the  facts  which  Darwin 
had  collected  for  the  "  Origin  of  Spe- 
cies "  might  well  nigh  have  stifled  the 
very    existence    of    that    marvelous 
book  :   it  was  lucky  that  the  prema- 
ture publication  of  Wallace's  paper 
compelled  him  to  hurry  on  his  "  brief 
abstract,"  for  if  he  had  waited  to  se- 
lect and  arrange  the  whole  series  of 
observations  that  he  finally  published 
in  his  various  later  justificatory  vol- 
umes, we  might  have   looked  in  vain 
for  the  great  systematic  and  organiz- 
ing work,  which  would  no  doubt  have 
been     "  surcharged     with     its     own 
weight,  and  strangled  with  its  waste 
fertility."     But  the  task  that  he  him- 
self best  loved  was  to  watch  in  mi- 
nute detail  the  principles  whose  secret 
he   had   penetrated,    and    whose    re- 
serve he  had  broken,  working  them- 
selves out  before  his  very  eyes,  naked 
and  not  ashamed — to  catch  Actaeon- 
like  the  undraped  form  of  nature  her- 
self in  the   actual  process  of  her  in- 
most being.     He  could  patiently  ob- 
serve the  red  and  slimy  hair-glands  of 
the    drosera   closing   slowly   and   re- 


morselessly round  the  insect  prey, 
and  sucking  from  their  bodies  with 
sensitive  tentacles  the  protoplasmic 
juices  denied  to  its  leaves  by  the 
poor  and  boggy  soil,  on  which  alone 
its  scanty  rootlets  can  properly 
thrive.  He  could  watch  the  butter- 
wort  curving  round  the  edges  of  its 
wan  green  foliage  upon  the  captured 
limbs  of  fly  or  aphis.  He  could  note 
how  the  serried  mass  of  finger-like 
processes  in  the  utricles  of  the  blad- 
derwort  slowly  absorb  organic  matter 
from  the  larva  of  a  gnat,  or  the  mi- 
nute water-insects  entangled  within  its 
living  and  almost  animated  lobster- 
pot.  He  could  track  the  long  line  of 
treacherous  honey-glands  by  which 
the  sarracenia  entices  flies  into  the 
iestering  manure-wells  of  its  sticky 
pitchers.  The  minuteness  and  skill 
of  all  his  observations  on  these  lesser 
Droblems  of  natural  selection  inevita- 
inspired  faith  among  outsiders  in 
the  cautious  judgment  of  the  observer 
and  experimenter;  and  day  by  day 
throughout  his  later  years  the  evi- 
dence of  the  popular  acceptance  of 
rris  doctrine,  and  of  the  dying  away 
of  the  general  ridicule  with  which  it 
was  first  received  by  the  unlearned 
public,  was  very  gratifying  to  the 
great  naturalist. 

159.  A  year  later,  in  1876,  came 
the  "  Effects  of  Cross  and  Self- Fertili- 
zation in  the  Vegetable  Kingdom." 
So  far  as  regarded  the  world  of 
plants,  especially  with  respect  to  its 
higher  divisions,  this  work  was  of  im- 
mense theoretical  importance  ;  and  it 
also  cast  a  wonderful  side-light  upon 
the  nature  of  that  strange  distinction 
of  sex  which  occurs  both  in  the  vege- 
table and  animal  kingdom,  and  in 
each  is  the  concomitant — one  might 
almost  say  the  necessary  concomitant 
— of  high  development  and  complex 
organization.  The  great  result  at- 
tained by  Darwin  in  his  long  and 
toilsome  series  of  experiments  on  this 
interesting  subject  was  the  splendid 
proof  of  the  law  that  cross-fertiliza- 
tion produces  finer  and  healthier  off- 
spring, while  continuous  self-fertiliza- 
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tion  tends  in  the  long  run  to  degra- 
dation, degeneration,  and  final  ex- 
tinction. 

160.  Here  as  elsewhere,  however, 
Darwin's  principle  does  not  spring 
spontaneous,  like  Athene  from  the 
head  of  Zeus,  a  goddess  full  formed, 
uncaused,  inexplicable:  it  arises 
gradually  by  a  slow  process  of  devel- 
opment and  modification  from  the 
previous  investigations  of  earlier 
biologists.  At  the  close  of  the  last 
century,  in  the  terrible  year  of  up- 
heaval 1793,  a  quiet  German  botanist, 
Christian  Konrad  Sprengel  by  name, 
published  at  Berlin  his  long  unheeded 
but  intensely  interesting  work  on  the 
"Fertilization  of  Flowers."  In  the 
summer  of  1789,  while  all  Europe 
was  ablaze  with  the  news  that  the 
Bastile  had  been  stormed,  and  a  new 
era  of  humanity  begun,  the  calm  and 
peaceful  Pomeranian  observer  was 
noting  in  his  own  garden  the  curious 
fact  that  many  flowers  are  incapable 
of  being  fertilized  without  the  assist- 
ance of  flying  insects,  which  carry 
pollen  from  the  stamens  of  one  blos- 
som to  the  sensitive  surface  or  ovary 
of  the  next.  Hence  he  concluded 
that  the  secretion  of  honey  or  nectar 
in  flowers,  the  contrivances  by  which 
it  is  protected  from  rain,  the  bright 
hues  or  lines  of  the  corolla,  and  the 
sweet  perfume  distilled  by  the  blos- 
soms, are  all  so  many  cunning  de- 
vices of  nature  to  insure  fertilization 
by  the  insect-visitors.  Moreover, 
Sprengel  observed  that  many  flowers 
are  of  one  sex  only,  and  that  in  sev- 
eral others  the  sexes  do  not  mature 
simultaneously ;  "  so  that,"  said  he, 
"nature  seems  to  intend  that  no 
flower  shall  be  fertilized  by  means  of 
its  own  pollen."  Indeed,  in  some  in- 
stances, as  he  showed  by  experiments 
upon  the  yellow  day  lily,  plants  im- 
pregnated from  their  own  stamens 
cannot  be  made  to  set  seed  at  all. 
"  So  near,"  says  his  able  successor, 
Hermann  Miiller,  "was  Sprengel  to 
the  distinct  recognition  of  the  fact 
that  self-fertilization  leads  to  worse 
results  than  cross-fertilization,  and 
that  all  the  arrangements  which  favor 


insect-visits  are  of  value  to  the  plant 
itself,  simply  because  the  insect-visi- 
tors effect  cross-fertilization  !  "  As 
in  most  other  anticipatory  cases,  how- 
ever, it  must  be  here  remarked  that 
Sprengel's  idea  was  wholly  teleolog- 
ical :  he  conceived  of  nature  as  ani- 
mated by  a  direct  informing  principle, 
which  deliberately  aimed  at  a  particu- 
lar result ;  whereas  Darwin  rather 
came  to  the  conclusion  that  cross-fer- 
tilization as  a  matter  of  fact  does 
actually  produce  beneficial  results, 
and  that  therefore  those  plants  which 
varied  most  in  the  direction  of  ar- 
rangements for  favoring  insect-visits 
were  likely  to  be  exceptionally  fortu- 
nate in  the  struggle  for  existence 
against  competitors  otherwise  ar- 
ranged. It  is  just  the  usual  Darwin- 
ian substitution  of  an  efficient  for  a 
final  cause. 

161.  Even  before  Sprengel,  K61- 
reuter  had  recognized,  in  1761,  that 
self-fertilization  was  avoided  in  na- 
ture ;  and  his  observations  and  exper- 
iments on  intercrossing  and  on  hy- 
bridism were  largely  relied  upon  by 
Darwin  himself,  to  whom  they  sug- 
gested at  an  early  period  many  fruit- 
ful lines  of  original  investigation.  In 
1799,  again,  Andrew  Knight,  follow* 
ing  up  the  same  line  of  thought  in 
England  as  Sprengel  in  Germany,  de- 
clared as  the  result  of  his  close  exper- 
iments upon  the  garden  pea,  that  no 
plant  ever  fertilizes  itself  for  a  perpe- 
tuity of  generations.  But  Knight's 
law,  not  being  brought  into  causal 
connection  with  any  great  fundamen- 
tal principle  of  nature,  was  almost  en- 
tirely overlooked  by  the  scientific 
world  until  the  publication  of  Dar- 
win's "  Origin  of  Species,"  half  a  cent- 
ury later.  The  same  neglect  also 
overtook  Sprengel's  immensely  inter- 
esting and  curious  work  on  fertiliza- 
tion of  flowers.  The  world,  in  fact, 
was  not  yet  ready  for  the  separate 
treatment  of  functional  problems  con- 
nected with  the  inter-relations  of  or- 
ganic beings;  so  Knight  and  Spren- 
gel were  laid  aside  unnoticed  on  the 
dusty  top  bookshelves  of  public  libra- 
ries, while  the  dry  classificatory  and 


68 


CHARLES  DARWIN. 


69 


systematic  biology  of  the  moment  had 
it  all  its  own  way  for  the  time  being 
on  the  center  reading-tables.  So 
many  separate  and  independent 
strands  of  thought  does  it  ultimately 
require  to  make  up  the  grand  final 
generalization  which  the  outer  world 
attributes  in  its  totality  to  the  one  su- 
preme organizing  intelligence. 

162.  But  in  the  "Origin   of    Spe- 
cies"  itself   Darwin    reiterated    and 
emphasized   Knight's   law  as  a  gen- 
eral   and   all-pervading    principle    of 
nature,  placing  it  at  the  same  time  on 
broader  and  surer  biological  founda- 
tions by  affiliating  it  intimately  upon 
his  own  great  illuminating  ana  unify- 
ing doctrine  of  natural  selection.     He 
also  soon  after  rescued  from  obnvion 
Spiengel's  curious  and  fairy-like  book, 
showing  in  full  detail  in  his  work  on 
orchids    the   wonderful   contrivances 
by  which  flowers  seek  to  attra  t  and 
to  secure  the  assistance  of  insects  tor 
the    impregnation    of   their    embryo 
seeds.     In    the   "  Variation   of   Ani- 
mals  and   Plants   under    Domestica- 
tion," he  further  showed  that  breeding 
in-and-in  diminishes  the  strength  and 
productiveness  of  the  offspring ;  while 
crossing  with  another  stock  produces, 
on   the   contrary,    the   best    possible 
physical    results   in    both   directions. 
And  now  at  last,  in  the  "  Effects  of 
Cross    and    Self  -  Fertilization,"     he 
proved  by  careful  and  frequently  re- 
peated  experiments   thai  a  constant 
infusion  of  fresh  blood  (so  to  speak) 
is  essential  to  the  production  or  the 
healthiest  offspring.     In  the  words  of 
his  own  emphatic  summing  up,  *'  Na- 
ture  abhors   perpetual  self-fertiliza- 
tion." 

163.  The  immediate  result  of  these 
new  statements  and  this  fresh  ration- 
ale of  Knight's  law  was  to  bring  down 
Sprengel  forthwith  from  the  top  shelf, 
where  he  had  languished  ingloriously 
for  seventy  years,  and  to  set  a  whole 
school  of  ardent  botanical  observers 
working  hard  in  the  lines  he  had  laid 
down  upon  the  mutual  correlations*  of 
insects  and  flowers.     A  vast  literature 
sprang  up  at  once  upon  this  enchant- 
ing  and  long-neglected  subject,  the 


most  eminent  workers  in  the  re-dis 
covered  field  being  Delpino  in  Italy, 
Hildebrand  and  Hermann  Miiller  in 
Germany,  Axel  in  Sweden,  Lubbock 
in  England,  and  Fritz  Miiller  in  trop- 
ical South  America.  Darwin  found 
the  question,  in  fact,  almost  taken  out 
of  his  hands  before  he  had  time  him- 
self to  treat  of  it ;  for  Hildebrand's 
chief  work  was  published  as  early  as 
1867,  while  Axel's  appeared  in  1869, 
both  of  them  several  years  earlier 
than  Darwin's  own  final  essay  on  the 
subject  in  the  "  Effects  of  Cross  and 
Self  -  Fertilization."  No  statement, 
perhaps,  could  more  clearly  mark  the 
enormous  impetus  given  to  researches 
in  this  direction  than  the  fact  that 
D'Arcy  Thompson,  in  his  appendix  to 
Miiller's  splendid  work  on  the  "  Fer- 
tilization of  Flowers,"  has  collected  a 
list  of  no  less  than  eight  hundred  and 
fourteen  separate  works  or  important 
papers  bearing  on  that  special  depart- 
ment of  botany,  almost  all  of  them 
subsequent  in  date  to  the  first  publi- 
cation of  the  "Origin  of  Species." 
So  widely  did  the  Darwinian  wave  ex- 
tend, and  so  profoundly  did  it  affect 
every  minute  point  of  biological  and 
psychological  investigation. 

164.  Each  of  these  later  works  of 
Darwin's  consists,  as  a  rule,  of  an  ex- 
pansion of  some  single  chapter  or  par- 
agraph in  the  "  Origin  of  Species ;  " 
or,  to  speak  more  correctly,  of  an  ar- 
rangement of  the  materials  collected 
and  the  experiments  designed  for  that 
particular  portion  of  the  great  pro- 
jected encyclopedia  of  evolutionism, 
of  which  the  "  Origin  of  Species  "  it- 
self was  but  a  brief  anticipatory  sum- 
mary or  rough  outline.  Thus,  the 
book  on  Orchids,  published  in  1862, 
is  already  foreshadowed  in  a  part  of 
the  chapter  on  the  Difficulties  of  the 
Theory  of  Natural  Selection;  the 
"  Movements  and  Habits  of  Climbing 
Plants  "  (1865)  is  briefly  summarized 
by  anticipation  in  the  long  section  on 
Modes  of  Transition  ;  the  "  Variation 
of  Animals  and  Plants  under  Domes- 
tication "  (1868)  consists  of  the  vast 
array  of  pieces  justificatives  for  the  first 
chapter  of  the  "  Origin  of  Species  ; " 
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and  the  germ  of  the  "  Cross  and  Self 
Fertilization  "  (1876)  is  to  be  seen  in 
the  passage  "  On  the  Intercrossing  of 
Individuals"  in  Chapter  IV.  of  the 
same  work.  It  was  well  indeed  that 
Darwin  began  by  publishing  the 
shorter  and  more  manageable  ab- 
stract; the  half,  as  the  wise  Greek 
proverb  shrewdly  remarks,  is  often 
more  than  the  whole ;  and  a  world 
that  eagerly  devoured  the  first  great 
deliverance  of  the  Darwinian  princi- 
ple, might  have  stood  aghast  had  it 
been  asked  to  swallow  it  piecemeal  in 
such  gigantic  treatises  as  those  with 
which  its  author  afterward  sought 
thrice  to  vanquish  all  his  foes  and 
thrice  to  slay  the  slain. 

165.  Yet,  with  each  fresh  manifes- 
tation of  Darwin's  inexhaustible  re- 
sources, on  the  other  hand,  the  oppo- 
sition to  his  principles  grew  feebler 
and  feebler,  and  the  universality  of 
their  acceptance  more  and  more  pro- 
nounced, till  at  last,  among  biologists 
at  least,  not  to  be  a  Darwinian  was 
equivalent  to  being  hopelessly  left 
behind  by  the  general  onward  move- 
ment of  the  time.  In  1874  Tyndall 
delivered  his  famous  address  at  the 
Belfast  meeting  of  the  British  Asso- 
ciation ;  and  in  1877,  from  the  same 
presidential  chair  at  Plymouth,  Allen 
Thomson,  long  reputed  a  doubtful 
waverer,  enforced  his  cordial  adhesion 
to  the  Darwinian  principles  by  his  in- 
augural .discourse  on  "  The  Develop- 
ment of  the  Forms  of  Animal  Life." 
A  new  generation  of  active  workers, 
trained  up  from  the  first  in  the  evolu- 
tionary school,  like  Romanes,  Ray, 
Lankester,  Thistleton  Dyer,  Balfour, 
Sully,  and  Moggridge,  had  now  risen 
gradually  around  the  great  master ; 
and  in  every  direction  he  could  see 
the  seed  he  had  himself  planted  be- 
ing watered  and  nourished  in  fresh 
soil  by  a  hundred  ardent  and  enthu- 
siastic young  disciples.  Even  in 
France,  ever  irresponsive  to  the  touch 
of  new  ideas  of  alien  origin,  Colonel 
Moulinie's  admirable  and  sympathetic 
translations  were  beginning  to  win 
over  to  the  evolutionary  creed  many 
rising  workers ;  while  in  Germany, 


Victor  Carus's  excellent  versions  had 
from  the  very  first  brought  in  the  en- 
thusiastic Teutonic  biologists  with  a 
congenial  "  swarmery "  to  the  camp 
of  the  Darwinians.  Correspondents 
from  every  part  of  the  world  kept 
pressing  fresh  facts  and  fresh  appli- 
cations upon  the  founder  of  the  faith ; 
and  Darwin  saw  his  own  work  so  fast 
being  taken  out  of  his  hands  by  spe- 
cialist disciples  that  he  abandoned  en- 
tirely his  original  intention  of  pub- 
lishing in  detail  the  basis  of  his  first 
book,  and  contented  himself  instead 
with  tracing  out  minutely  some  minor 
portions  of  his  contemplated  task 
as  specimens  of  evolutionary  method. 
166.  In  1877,  in  pursuance  of  this 
changed  purpose,  Darwin  published 
his  book  on  "  Forms  of  Flowers,"  in 
which  he  dealt  closely  with  the  old 
problem  of  differently  shaped  blos- 
soms on  plants  of  the  same  species. 
It  had  long  been  known,  to  take  a 
single  example,  that  primroses  existed 
in  two  forms,  the  pin-eyed  and  the 
thrum-eyed,  of  which  the  former  has 
the  pin-like  summit  of  the  pistil  at 
the  top  of  the  tube,  and  the  stamens 
concealed1  half  way  down  its  throat ; 
while  in  the  latter  these  relative  posi- 
tions are  exactly  reversed,  the  stamens 
answering  in  place  to  the  pistil  of  the 
alternative  form  with  geometrical  ac- 
curacy. As  early  as  1862  Darwin 
had  shown,  in  the  "  Journal  of  the 
Linnaean  Society,"  that  this  curious  ar- 
rangement owed  its  development  to 
the  greater  security  which  it  afford- 
ed for  cross-fertilization,  because  in 
this  way  each  flower  had  to  be  im- 
pregnated with  the  pollen  from  a  to- 
tally distinct  blossom,  growing  on 
a  different  individual  plant.  In  a 
series  of  successive  papers  read  be- 
fore the  same  Society  in  the  years 
between  1863  and  1868,  he  had  ex- 
tended a  similar  course  of  explanation 
to  the  multiform  flowers  of  the  flaxes, 
the  loosestrifes,  the  featherfoil,  the 
auricula,  the  buckbean,  and  several 
other  well-known  plants.  At  last, 
in  1877,  he  gathered  together  into 
one  of  the  now  familiar  green-covered 
volumes  the  whole  of  his  observations 
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on  this  strange  peculiarity,  and  proved 
by  abundant  illustration  and  experi- 
ment that  the  diversity  of  form  is 
always  due  through  natural  selection 
to  the  advantage  gained  by  perfect 
security  of  cross-fertilization,  result- 
ing as  it  invariably  does  in  the  pro- 
duction of  the  finest,  strongest, 
and  most  successful  seedlings.  Any 
variation,  however  peculiar,  which 
helps  to  insure  this  constant  infusion 
of  fresh  blood  is  certain  to  be  favored 
in  the  struggle  for  life,  owing  to  the 
superior  vitality  of  the  stock  it  begets. 
But  it  is  worthy  of  notice,  as  showing 
the  extreme  minuteness  and  exhaust- 
iveness  of  -Darwin's  method  on  the 
small  scale,  side  by  side  with  his  ex- 
traordinary and  unusual  power  of 
rising  to  the  very  highest  and  grand- 
est generalizations,  that  the  volume 
which  he  devoted  to  the  elucidation 
of  this  minor  factor  in  the  question  of 
hereditary  advantages  runs  to  nearly 
as  many  pages  as  the  last  edition  of 
the  "  Origin  of  Species  "  itself.  So 
great  was  the  wealth  of  observation 
and  experiment  which  he  could  lav- 
ish upon  the  solution  of  a  single,  small, 
incidental  problem. 

167.  Even  fuller  in  minute  original 
research  was  the  work  which  Darwin 
published  in   1880,  on  "  The  Power 
of    Movement   in    Plants,"   detailing 
the  result  of  innumerable  observations 
on    the   seemingly   irresponsible   yet 
almost   purposive    rotations    of    the 
growing  rootlets  and  young  stems  of 
peas    and   climbers.     Any   one   who 
wishes  to  see  on  what  a  wide  founda- 
tion of  irrefragable  fact  the  great  bi- 
ologist built  up  the  stately  fabric  of 
his  vast   theories  cannot   do    better 
than  turn  for   instruction  to  this  re- 
markable volume,  which  the  old  nat- 
uralist gave  to  the  world  some  time 
after  passing  the  alloted  span  of  three- 
score years  and  ten. 

168.  It  was  in  the  same  year  (1880} 
that    Huxley  delivered  at   the  Roya' 
Institution  his  famous  address  on  the 
Coming  of  Age    of   the    "Origin    o 
Species."     The  time  was  a  favorable 
one  for  reviewing  the  silent  and  al 
most  unobserved  progress  of  a  grea 


revolution.      Twenty-one    years    had 
come   and  gone  since  the  father  of 
modern   scientific    evolutionism    had 
aunched  upon  the  world  his  tentative 
ork.     In  those  twenty-one  years  the 
hought  of  humanity  had  been  twisted 
around  as  upon  some  invisible  pivot, 
and  a  new  heaven  and  a  new  earth 
lad  been  presented    to  the  eyes   of 
seers  and  thinkers.     One-and-twenty 
years  before,  despite  the  influence  of 
Hutton  and  of  Lyell,  the   dominant 
view  of  the  earth's  past  history  re- 
vealed but  one  vast  and  lawless  suc- 
cession    of     hideous      catastrophes. 
Wholesale   creations    and   wholesale 
extinctions,    world-wide     cataclysms 
:ollowed  by   fresh  world-wide  births 
of   interwoven    faunas   and    floras — 
these,  said  Huxley,  were  the  ordinary 
machinery    of    the    geological    epic 
wrought  into  fashion  by  the  misap- 
plied genius   of  the   mighty   Cuvier. 
Dne-and-twenty  years  after  the  oppo- 
nents themselves  had  given  up  the 
ame  in  its  fullest  form  as  lost  beyond 
the     hope    of    possible     restitution. 
Some  hesitating  thinkers,  it  is  true, 
while  accepting  the  evolutionary  doc- 
trine more  or  less  in  its  earlier  form, 
like  Mivart  and   Meehan,  yet  refused 
their  assent  on  one  ground  or  another 
to  the  specific  Darwinian  doctrine  of 
natural  selection.     Others,  like  Wal- 
lace, made  a  special  exception  with 
regard  to  the  development  of  the  hu- 
man species,  which  they  supposed  to 
be  due  to  other  causes  from  those  im- 
plied in  the  remainder  of  the  organic 
scale.     Yet  on  the  whole,  biological 
science  had  fairly  carried  the  day  in 
favor  of  evolution,  in  one    form    or 
another,  and  not  even  the   cavillers 
dared  now  to  suggest  that  whole  sys- 
tems of  creation  had  been  swept  away 
en  bloc,  and  re-made  again  in  different 
forms  for  a  succeeding  epoch,  in  ac- 
cordance with  the  belief  which   was 
almost  universal  among  geologists  up 
to  the  exact  moment  of  the  publica- 
tion of  Darwin's  masterpiece. 

169.  During  the  twenty-one  years, 
too,  as  Huxley  likewise  pointed  out, 
an  immense  number  of  new  facts  had 
come  to  strengthen  the  hands  of  the 
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evolutionists  at  the  very  point  where 
they  had  before  felt  themselves  most 
openly  vulnerable.  Paleontology 
had  supplied  many  of  those  missing 
links  in  the  organic  chain  whose  ab- 
sence from  the  interrupted  and  im- 
perfect geological  record  had  been 
loudly  alleged  against  the  Darwinian 
hypothesis  in  the  earlier  days  of 


ed  and  feathered  creature,  happily 
preserved  for  us  in  the  Solenhofen 
slates,  with  lizard-like  head  and  teeth 
and  tail,  and  bird-like  pinions,  feet 
and  breast,  had  bridged  over  in  part 
the  great  gap  that  yawns  between  the 
existing  birds  and  reptiles.  A  few 
years  later,  new  fossil  reptilian  forms, 
erect  on  their  hind  legs  like  kanga- 
roos, and  with  very  singular  peculiar- 
ities of  bony  structure,  had  helped 
still  further  to  show  the  nature  of  the 
modifications  by  which  the  scale-bear- 
ing quadruped  type  passed  slowly 
into  that  of  the  feather-bearing 
biped.  In  1875,  again,  Professor 
Marsh's  discovery  of  the  toothed 
birds  in  the  American  cretaceous 
strata  completed  the  illustrative  series 
of  transitional  forms  over  what  had 
once  been  the  most  remarkable  exist- 
ing break  in  the  continuity  of  organic 
development.  Similarly,  Hofmeis- 
ter's  investigations  in  the  vegetable 
world  brought  close  together  the  flow- 
ering and  flowerless  plants,  by  indi- 
cating that  the  ferns  and  the  horse- 
tails were  connected  in  curious  un- 
foreseen ways,  through  the  pill-worts 
and  club-mosses,  with  the  earliest 
and  simplest  of  forest  trees,  the  firs 
and  the  puzzle-monkeys.  In  minor 
matters  like  progress  was  continually 
reported  on  every  side.  Gaudry 
found  among  the  fossils  of  Attica  the 
successive  stages  by  which  the  an- 
cient and  undeveloped  civets  passed 
into  the  more  modern  and  special- 
ized tribe  of  the  hyaenas;  Marsh 
traced  out  in  Western  America  the 
ancestry  of  the  horse  from  a  five-toed 
creature  no  bigger  than  a  fox,  through 
intermediate  four-toed  and  three-toed 


forms,  to  the  existing  single  solid- 
hoofed  type  with  its  digits  reduced  to 
the  minimum  of  unity ;  and  Filhol 
unearthed  among  the  phosphorites  of 
Quercy  the  common  progenitor  of 
the  most  distinct  among  the  recent 
carnivores  the  cats  and  the  dogs,  the 
plantigrade  bears  and  the  digitigrade 
pumas.  "  So  far  as  the  animal  world 
is  concerned,"  Professor  Huxley  said 
in  conclusion,  reviewing  these  addi- 
tions to  the  evidence  upon  that  mem- 
orable occasion,  "  evolution  is  no 
longer  a  speculation  but  a  statement 
of  historical  fact."  Of  Darwin  him- 
self he  remarked  truly,  "  He  has 
lived  long  enough  to  outlast  detrac- 
tion and  opposition,  and  to  see  the 
stone  that  the  builders  rejected  be- 
come the  head-stone  of  the  corner." 

170.  It  was  in  1881  that  Darwin 
published  his  last  volume,  "The 
Formation  of  Vegetable  Mold 
through  the  Action  of  Worms."  In 
this  singularly  fascinating  and  inter- 
esting monograph  he  took  in  hand 
one  of  the  lowliest  and  humblest  of 
living  forms,  the  common  earthworm, 
and  by  an  exhaustive  study  of  its  hab- 
its and  manners  strove  to  show  how 
the  entire  existence  of  vegetable 
mold — the  ordinary  covering  of  fer- 
tile soil  upon  the  face  of  the  earth — 
is  due  to  the  long  but  unobtrusive  ac- 
tion of  these  little-noticed  and  ever- 
active  architects.  By  the  acids  which 
they  evolve,  they  appear  to  aid  large- 
ly in  the  disintegration  of  the  stone 
beneath  the  surface;  by  their  con- 
stant practice  of  eating  fallen  leaves, 
which  they  drag  down  with  them  into 
their  subterranean  burrows,  they 
produce  the  fine  castings  of  soft 
earth,  so  familiar  to  everybody,  and 
thus  re-instate  the  coating  of  humus 
above  the  bare  rock  as  often  as  it  is 
washed  away  again  in  the  course  of 
ordinary  denudation  by  the  rain  and 
the  torrents.  It  is  true  that  subse- 
quent investigation  has  shown  the 
possibility  of  vegetable  mold  exist- 
ing under  certain  conditions  without 
the  intervention  of  worms  to  any 
marked  extent;  but,  as  a  whole, 
there  can  be  little  doubt  that  over 
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most  parts  of  the  world  the  presence 
of  soil,  and  therefore  of  the  vege- 
table growth  rooted  in  it,  is  entirely 
due  to  the  unsuspected  yet  ceaseless 
activity  of  these  humble  creatures. 

171.  The  germ  of  the   earthworm 
theory  appears   to   me  to  have  been 
first  suggested  to  Darwin's  mind  by  a 
passage  in  a  work  where  one  would 
little     have      suspected    it — White's 
"Natural     History     of     Selborne." 
"  Earthworms,"      says     the      idyllic 
Hampshire    naturalist,     "though    in 
appearance    a  small   and   despicable 
link   in   the   chain   of   nature,  yet,  if 
lost,  would  make  a  lamentable  chasm. 
For  to  say  nothing  of  half  the  birds, 
and  some  quadrupeds,  which  are  al- 
most   entirely    supported    by    them, 
worms  seem  to  be  the  great  promot- 
ers of   vegetation,  which  would  pro- 
ceed but  lamely  without  them,  by  bor- 
ing,   perforating,    and   loosening  the 
soil,  and    rendering    it    pervious    to 
rains   and   the    fibers    of   plants,  by 
drawing  straws  and   stalks  of  leaves 
into  it ;  and,  most  of  all,  by  throwing 
up  such  infinite  numbers  of  lumps  of 
earth,  called   worm-casts,  which,  be- 
ing their  excrement,  is  a  fine  manure 
for  grain  and  grass.     Worms  proba- 
bly provide  new    soils   for  hills  and 
slopes   where   the    rain    washes   the 
earth   away ;  and  they  affect  slopes, 
probably,   to    avoid    being    flooded. 
Gardeners  and  farmers  express  their 
detestation  of  worms ;  the  former,  be- 
cause  they   render   their   walks   un- 
sightly, and  make  them  much  work ; 
and  the  latter,  because,  as  they  think, 
worms    eat   their  green   corn.      But 
these  men  would  find,  that  the  earth 
without  worms   would  soon    become 
cold,   hard-bound,    and   void  of  fer- 
mentation ;  and,    consequently,   ster- 
ile." 

172.  If  Darwin  ever  read  this  in- 
teresting  passage,   which  he   almost 
certainly   must    at   some   time   have 
done,  it  would  appear   that   he   had 
overlooked  it  in    later  life ;    for   he, 
who    was  habitually  so   candid   and 
careful  in  the  acknowledgment  of  all 
his    obligations,   however    great    or 
however   small,  does   not   make  any 


mention  of  it  at  all  in  his  "Vege- 
table Mold,"  though  he  alludes  inci- 
dentally to  some  other  observations 
of  Gilbert  White's  on  the  minor  hab- 
its and  manners  of  earthworms. 
But  whether  Darwin  was  originally 
indebted  to  White  or  not  for  the 
foundation  of  his  theory  on  the  sub- 
ject of  mold,  the  important  point  to 
notice  is  really  this,  that  what  with  the 
observant  parson  of  Selborne  was  but 
a  casual  glimpse,  the  mere  passing 
suggestion  of  a  fruitful  idea,  became 
with  Darwin,  in  his  wider  fashion,  a 
carefully  elaborated  and  powerfully 
buttressed  theory,  supported  by  long 
and  patient  investigation,  ample  ex- 
periment, and  vast  collections  of 
minute  facts.  The  difference  is 
strikingly  characteristic  of  the  strong 
point  of  Darwin's  genius.  While  he 
had  all  the  breadth  and  universality 
of  the  profoundest  thinkers,  he  had 
also  all  the  marvelous  and  inexhaust- 
ible patience  of  the  most  precise  and 
special  microscopical  student. 

173.  For  years,  indeed,  Darwin 
studied  the  ways  and  instincts  of  the 
common  earthworm  with  the  same 
close  and  accurate  observation  which 
he  gave  to  every  other  abstruse  sub- 
ject that  engaged  in  any  way  his 
acute  intellect.  The  lawyer's  maxim, 
"  De  minimis  lex  non  curat,"  he  used 
to  say,  never  truly  applies  to  science. 
As  early  as  the  year  1837  ne  read  a 
paper,  before  the  Geological  Society 
of  London,  "On  the  Formation  of 
Mold,"  in  which  he  developed  with 
some  fullness  the  mother  idea  of  his 
complete  theory  on  the  earthworm 
question.  He  there  showed  that 
layers  of  cinders,  marl,  or  ashes, 
which  had  been  strewn  thickly  over 
the  surface  of  meadows,  were  found 
a  few  years  after  at  a  depth  of  some 
inches  beneath  the  turf,  yet  still 
forming  in  spite  of  their  burial  a  reg- 
ular and  fairly  horizontal  stratum. 
This  apparent  sinking  of  the  stones, 
he  believed,  was  due  to  the  quantity 
of  fine  earth  brought  up  to  the  sur- 
face by  worms  in  the  form  of  cast- 
ings. It  was  objected  to  his  theory 
at  the  time  that  the  work  supposed 
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to  be  accomplished  by  the  worms 
was  out  of  all  reasonable  proportion 
to  the  size  and  numbers  of  the  al- 
leged actors.  Here  Darwin's  foot 
was  on  his  native  heath;  he  felt 
himself  immediately  on  solid  ground 
again.  The  cumulative  importance 
of  separately  infinitesimal  elements 
is  indeed  the  very  keynote  and  spe- 
cial peculiarity  of  the  great  biologist's 
method  of  thinking.  He  had  found 
out  in  very  truth  that  many  a  little 
makes  a  mickle,  that  the  infinitely 
small,  infinitely  repeated,  may  be- 
come in  process  of  infinite  years  in- 
finitely important.  So  he  set  him- 
self to  work,  with  characteristic  con- 
tempt of  time,  to  weigh  and  measure 
worms  and  worm-castings. 

174.  He  began  by  keeping  tame 
earthworms  in  flower-pots  in  his  own 
house,  counting  the  number  of  worms 
and  burrows  in  certain  measured 
spaces  of  pasture  or  garden,  and 
starting  his  long  and  slow  experi- 
ment in  his  field  at  Down  already  al- 
luded to.  He  tried  issues  on  their 
senses,  on  their  instincts,  on  their 
emotions,  on  their  intelligence ;  he 
watched  them  darting  wildly  like  rab- 
bits into  their  holes  when  alarmed 
from  without,  overcoming  engineer- 
ing difficulties  in  dragging  down  od- 
dly-shaped or  unfamiliar  leaves, 
and  protecting  the  open  mouths  of 
their  tunnels  from  intruders  with  a 
little  defensive  military  glacis  of 
rounded  pebbles.  He  found  that 
more  than  53,000  worms  on  an  aver- 
age inhabit  every  acre  of  garden 
land,  and  that  a  single  casting  some- 
times weighs  as  much  as  three  ounces 
avoirdupois.  Ten  tons  of  soil  per 
acre  pass  annually  through  their  bod- 
ies, and  mold  is  thrown  up  by  them 
at  an  average  rate  of  22  inches  in  a 
century.  Careful  observations  on  the 
stones  of  Stonehenge ;  on  the  tiled 
floors  of  buried  buildings ;  on  Ro- 
man ruins  at  Silchester  and  Wroxeter, 
and  on  his  own  meadows  and  past- 
ures at  Down,  finally  enabled  the 
cautious  experimenter  to  prove  con- 
clusively the  truth  of  his  thesis,  and 


to  present  to  the  world  the  despised 
earthworm  in  a  new  character,  as  the 
friend  of  man  and  of  agriculture,  the 
producer  and  maintainer  of  the  vege- 
table mold  on  our  hills  or  valleys, 
and  the  prime  cause  of  the  very  exist- 
ence of  that  cloak  of  greensward 
that  clothes  our  lawns,  our  fields, 
and  our  pleasure-grounds. 

175.  It  was  his  last  work.     Persist- 
ent ill-health  and  equally  persistent 
study    for    seventy-three   years    had 
broken   down   a    constitution    never 
really   strong,    and    consumed    from 
within  by  the   ceaseless   fires   of  its 
own  overpowering   and  undying   en- 
ergy.     On  Tuesday,  April   the  i8th, 
1882,  he  was  seized  at  midnight  by 
violent  pains,  and  at  four  o'clock  on 
Wednesday  afternoon  he  died  sudden- 
ly  in   his  son's   arms,    after   a    very 
short  but  painful  illness.      So  retired 
was  the  family  life  at  Down  that  the 
news  of   the  great  biologist's    death 
was  not  actually  known  in   London 
itself    till    two    days    after    he   had 
breathed  his  last. 

176.  The  universal  regret  and  grief 
expressed  at  the  loss  in  all  civilized 
countries   was   the   best   measure  of 
the  immense  change  of   front  which 
had  slowly  come  over  the  whole  edu- 
cated community,  in  the  twenty-three 
years  since  the  first  publication  of  the 
"  Origin  of  Species."     No  sooner  was 
Darwin's  death   announced   than  all 
lands  and  all  classes  vied  with  one 
another  in  their  eagerness  to  honor 
the  name  and  memory  of  the  great 
biologist.     Indeed,  the    spontaneous 
and  immediate  nature  of  the  outburst 
of    regret    and     affectionate    regard 
which  followed  hard  upon  the  news 
of   Darwin's  death,   astonished  even 
those   who   had  watched  closely  the 
extraordinary    revolution     the     man 
himself  had  brought   so   well   to  its 
final  consummation.     In  England,  it 
was  felt  instinctively  on   every  side 
that  the  great  naturalist's  proper  place 
was  in  the  aisles  of  Westminster,  hard 
by  the  tomb  of  Newton,  his  immortal 
predecessor.     To  this  universal  and 
deep-seated  feeling  Darwin's  family 
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regretfully  sacrificed  their  own  natural 
preference  for  a  quiet  interment  in 
the  graveyard  at  Down.  On  the 
Wednesday  morning  next  after  his 
death,  Charles  Darwin's  remains  were 
borne  with  unwonted  marks  of  re- 
spect and  ceremony,  in  the  assembled 
presence  of  all  that  was  noble  and 
good  in  Britain,  to  an  honored  grave 
in  the  precincts  of  the  great  Abbey. 
Wallace  and  Huxley,  Lubbock  and 
Hooker,  his  nearest  peers  in  the  do- 
main of  pure  science,  ?tood  among 
the  bearers  who  held  the  pall. 
Lowell  represented  the  republics  of 
America  and  of  letters.  Statesmen, 
and  poets,  and  philosophers,  and 
theologians  mingled  with  the  throng 
of  scientific  thinkers  who  crowded 
close  around  the  venerated  bier.  No 
incident  of  fitting  pomp  or  dignity 
was  wanting  as  the  organ  pealed  out 
in  solemn  strains  the  special  anthem 
composed  for  the  occasion,  to  the 
appropriate  words  of  the  Hebrew 
poet,  "  Happy  is  the  man  that  findeth 
wisdom."  Even  the  narrow  Philistine 
intelligence  itself,  which  still  knew 
Darwin  only  as  the  man  who  thought 
we  were  all  descended  from  monkeys, 
was  impressed  with  the  sole  standard 
of  greatness  open  to  its  feeble  and 
shallow  comprehension  by  the  mere 
solemnity  and  ceremony  of  the  occa- 
sion, and  began  to  enquire  with  blind 
wonderment  what  this  thinker  had 
done  whom  a  whole  people  thus  de- 
lighted to  honor. 

177.  Of  Darwin's  pure  and  exalted 
moral  nature  no  Englishman  of  the 
present  generation  can  trust  himself 
to  speak  with  becoming  moderation. 
His  love  of  truth,  his  singleness  of 
heart,  his  sincerity,  his  earnestness, 
his  modesty,  his  candor,  his  absolute 
sinking  of  self  and  selfishness — these, 
indeed,  are  all  conspicuous  to  every 
reader,  on  the  very  face  of  every  word 
he  ever  printed.  Like  his  works 
themselves,  they  must  long  outlive 
him.  But  his  sympathetic  kindliness, 
his  ready  generosity,  the  staunchness 
of  his  friendship,  the  width  and  depth 


and  breadth  of  his  affections,  the 
manner  in  which  "  he  bore  with  those 
who  blamed  him  unjustly  without 
blaming  them  in  return,"  these  things 
can  never  so  well  be  known  to  any 
other  generation  of  men  as  to  the 
three  generations  who  walked  the 
world  with  him.  Many  even  of  those 
who  did  not  know  him  loved  him  like 
a  father ;  to  many  who  never  saw  his 
face,  the  hope  of  winning  Charles 
Darwin's  approbation  and  regard  was 
the  highest  incentive  to  thought  and 
action.  Toward  younger  men,  espe- 
cially, his  unremitting  kindness  was 
always  most  noteworthy  :  he  spoke 
and  wrote  to  them,  not  like  one  of  the 
masters  in  Israel,  but  like  a  fellow- 
worker  and  seeker  after  truth,  inter- 
ested in  their  interests,  pleased  at 
their  successes,  sympathetic  with  their 
failures,  gentle  to  their  mistakes. 
Not  that  he  ever  spared  rightful 
criticism  ;  on  the  contrary,  the  love 
of  truth  was  with  him  so  overpowering 
and  inthralling  a  motive  that  he 
pointed  out  what  seemed  to  him 
errors  or  misconceptions  in  the  work 
of  others  with  perfect  frankness,  fully 
expecting  them  to  be  as  pleased  and 
delighted  at  a  suggested  amendment 
of  their  faulty  writing  as  he  himself 
was  in  his  own  case.  But  his  praise 
was  as  generous  as  his  criticism  was 
frank  ;  and,  amid  all  the  toil  of  his 
laborious  life  in  his  study  at  Down, 
he  could  always  find  time  to  read  and 
comment  at  full  length  upon  whatever 
fresh  contributions  to  his  own  sub 
jects  the  merest  tyro  might  venture 
to  submit  for  his  consideration.  He 
had  the  sympathetic  receptivity  of  all 
truly  great  minds,  and  when  he  died, 
thousands  upon  thousands  who  had 
never  beheld  his  serene  features  and 
his  fatherly  eyes  felt  they  had  lost 
indeed  a  personal  friend. 

Greatness  is  not  always  joined  with 
gentleness :  in  Charles  Darwin's  case, 
by  universal  consent  of  all  who  knew 
him,  "  an  intellect  which  had  no  supe- 
rior "  was  wedded  to  "  a  character 
even  nobler  than  the  intellect," 
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CHAPTER  XL 

DARWIN'S  PLACE  IN  THE  EVOLUTION- 
ARY MOVEMENT. 

178.  To    most   people    Darwinism 
and  evolution  mean  one  and  the  same 
thing.      After  what  has    here   been 
said,   however,   with    regard    to    the 
pre-Darwinian      evolutionary     move- 
ment,  and  the    distinction    between 
the  doctrines  of  descent  with  modifi- 
cation  and  of    natural    selection,   it 
need  hardly  be  added  that  the  two 
are  quite  separate  and  separable  in 
thought,  even  within  the  limits  of  the 
purely    restricted    biological     order. 
Darwinism  is  only  a  part  of  organic 
evolution;    the   theory,    as   a  whole, 
owes  much   to  Darwin,  but  it   does 
not  owe    everything   to    him    alone. 
There   were    biological    evolutionists 
before  ever  he  published  the  "  Origin 
of    Species;"    there    are    biological 
evolutionists  even   now   who    refuse 
to  accept  the  truth  of  his  great  dis- 
covery, and  who  cling  firmly  to  the 
primitive  faith  set  forth  in  earlier  and 
cruder   shapes   by  Erasmus  Darwin, 
by  Lamarck,  or  by  Robert  Chambers. 

179.  Much  more,  then,  must  Dar- 
winism and  the  entire  theory  of   or- 
ganic  development   to   which   it   be- 
longs be  carefully  discriminated,  as 
a  part   or  factor,  from  evolution    at 
large,  as  a  universal  and  all-embrac- 
ing cosmical   system.      That   system 
itself    has    gradually  emerged   as   a 
slow  growth  of  the  past  two  centuries, 
a    progressive    development    of    the 
collective  scientific  and  philosophical 
mind    of    humanity,   not   due   in   its 
totality  to  any  one  single  command- 
ing thinker,  but   summing   itself   up 
at  last  in  our  own  time  more  fully 
in  the  person  and  teaching  of   Mr 
Herbert  Spencer  than  of  any  other 
solitary  mouthpiece.       Indeed,    inti 
mately  as  we  all  now  associate  the 
name  of  Darwin  with  the  word  "  evo- 
lution," that  term  itself  (whose  vogue 
is  almost  entirely  due  to  Mr.  Spen 
cer's   influence)  was   one   but   rarel) 
found  upon   Darwin's  own  lips,  anc 
but   rarely  written  by  his  own  pen 


He  speaks  rather  of  development 
and  of  natural  selection  than  of  evo- 
ution :  his  own  concern  was  more 
with  its  special  aspect  as  biological 
modification'  than  with  its  general 
aspect  as  cosmical  unfolding.  Let 
us  ask,  then,  from  this  wider  stand- 
point of  a  great  and  far-reaching 
nental  revolution,  what  was  Charles 
Darwin's  exact  niche  in  the  evolu- 
tionary movement  of  the  two  last 
centuries  ? 

180.  Evolutionism,  as  now  com- 
monly understood,  may  be  fairly  re- 
garded as  a  mode  of  envisaging  to 
ourselves  the  history  of  the  universe, 
a  tendency  or  frame  of  mind,  a  tem- 
perament, one  might  almost  say,  or 
habit  of  thought  rather  than  a  definite 
creed  or  body  of  dogmas.  The  evo- 
lutionist looks  out  upon  the  cosmos 
as  a  continuous  process  unfolding  it- 
self in  regular  order  in  obedience  to 
definite  natural  laws.  He  sees  in  it 
all,  not  a  warring  chaos  restrained  by 
the  constant  interference  from  with- 
out of  a  wise  and  benificent  external 
power,  but  a  vast  aggregate  of  orig- 
inal elements,  perpetually  working 
out  their  own  fresh  redistribution,  in 
accordance  with  their  own  inherent 
energies.  He  regards  the  cosmos  as 
an  almost  infinite  collection  of  mate- 
rial atoms,  animated  by  an  almost  in- 
finite sum  total  of  energy,  potential 
or  kinetic. 

181.  In  the  very  beginning,  so  far 
as  the  mental  vision  of  the  astrono- 
mer can  dimly  pierce  with  hypothet- 
ical glance  the  abyss  of  ages,  the 
matter  which  now  composes  the  ma- 
terial universe  seems  to  have  existed 
in  a  highly  diffuse  and  nebulous  con- 
dition. The  gravitative  force,  how- 
ever, with  which  every  atom  of  the 
whole  vast  mass  was  primarily  en- 
dowed, caused  it  gradually  to  aggre- 
gate around  certain  fixed  and  definite 
centers,  which  became  in  time  the  ral- 
lying-points  or  nuclei  of  future  suns. 
The  primitive  potential  energy  of 
separation  in  the  atoms  of  the  mass 
was  changed  into  actual  energy  of 
motion  as  they  drew  closer  and  closer 
together  about  the  common  center, 
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and  into  molecular  energy  or  heat  as 
they  clashed  with  one  another  in 
bodily  impact  around  the  hardening 
core.  Thus  arose  stars  and  suns, 
composed  of  fiery  atomic  clouds  in 
a  constant  state  of  progressive  con- 
centration, ever  gathering-in  the  hem 
of  their  outer  robes  on  the  surface  of 
the  solid  globe  within,  and  ever  radi- 
ating off  their  store  of  associated 
energy  to  the  impalpable  and  hypo- 
thetical surrounding  ether.  This,  in 
necessarily  brief  and  shadowy  ab- 
stract, is  the  nebular  theory  of  Kant 
and  Laplace,  as  amended  and  supple- 
mented by  the  modern  doctrine  of 
the  correlation  and  conservation  of 
energies. 

182.  Applied  to  the  solar  system, 
of  which  our  own  planet  forms  a  com- 
ponent member,  the  evolutionary 
doctrine  (in  its  elder  shape)  teaches 
us  to  envisage  that  minor  group  as 
the  final  result  of  a  single  great  dif- 
fuse nebula,  which  once  spread  its 
faint  and  cloud-like  mass  with  incon- 
ceivable tenuity,  at  least  as  far  from 
its  center,  now  occupied  by  the  sun's 
body,  as  the  furthest  point  in  the 
orbit  of  Neptune,  the  outermost  of 
the  yet  known  planets.  From  this 
remote  and  immense  periphery  it  has 
gradually  gathered  itself  in,  growing 
denser  and  denser  all  the  time,  to- 
ward its  common  core,  and  has  left 
behind,  at  irregular  intervals,  con- 
centric rings  or  belts  of  nebulous 
matter,  which,  after  rupturing  at  their 
weakest  point,  have  hardened  and 
concentrated  round  their  own  center 
of  gravity  into  Jupiter,  Saturn,  the 
Earth,  or  Venus.  The  main  central 
body  of  all,  retreating  ever  within  as 
it  dropped  in  its  course  the  raw  ma- 
terial of  the  planetary  masses,  has 
formed,  at  last,  the  sun,  the  great 
ruler  and  luminary  of  our  system. 
Much  as  this  primitive  evolutionary 
concept  of  the  development  and  his- 
tory of  the  solar  system  has  been 
modified  and  altered  of  late  years  by 
recent  researches  into  the  nature  of 
comets  and  meteors  and  of  the  sun's 
surface,  it  still  remains  for  all  practi- 
cal purposes  of  popular  exposition 
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the  best  and  simplest  mental  picture 
of  the  general  type  of  astronomical 
evolution.  For  the  essential  point 
which  it  impresses  upon  the  mind  is 
the  idea  of  the  planets  in  their  sev- 
eral orbits  and  with  their  attendant 
satellites  as  due,  not  to  external  de- 
sign and  special  creation,  in  the  ex- 
act order  in  which  we  now  see  them, 
but  to  the  slow  and  regular  working 
out  of  pre-ordained  physical  laws,  in 
accordance  with  which  they  have 
each  naturally  assumed,  by  pure  force 
of  circumstances,  their  existing  size, 
and  weight,  and  orbit,  and  position. 

183.  Geology  has  applied  a  similar 
conception  to  the  origin  and  becom- 
ing of   the   earth's  material  and  ex- 
ternal features  as  we  now  know  them. 
Accepting  from  astronomy  the  notion 
of  our  planet's  primary  condition  as 
a  cooling  sphere  of  incandescent  mat- 
ter, it  goes  on  to  show  how  the  two 
great    envelopes,     atmospheric    and 
oceanic,    gaseous    and    liquid,    have 
gradually    formed    around  its    solid 
core  ;  how  the  hard  crust  of  the  cen- 
tral mass  has  been  wrinkled  and  cor- 
rugated   into    mountain     chain    and 
deep-cut    valley,   uplifted    here    into 
elevated  table-land  or  there  depressed 
into    hollow  ocean  bed;    how   sedi- 
ment   has    slowly  gathered    on    the 
floor  of  the   sea,   and  how  volcanic 
energies  or  lateral  pressure  have  sub- 
sequently forced  up  the  resulting  de- 
posits into  Alpine  peaks  and  massive 
continents.     In  this  direction,  it  was 
Lyell  who  principally  introduced  into 
science  the  uniformitarian  or  evolu- 
tionary principle,  who  substituted  for 
the    frequent    cataclysms    and  fresh 
beginnings  of  the  earlier  geologists 
the   grand   conception  of  continuous 
action,  producing  from  comparatively 
infinitesimal  but    cumulative    causes 
effects  which  at  last  attain  by  accre- 
tion the  most  colossal  proportions. 

184.  Here   biology  next  steps   in, 
with     its     splendid    explanation    of 
organic  life,  as  due  essentially  to  the 
secondary  action  of  radiated  solar  en- 
ergy on  the  outer  crust  of  such  a  cool- 
ing and  evolving  planet.     Falling  oa 
the  cells  of  the  simplest  green  plants, 


BEACON  LIGHTS  OF  SCIENCE. 


the  potent  sunlight  dissociates  the 
carbon  from  the  oxygen  in  the  carbon- 
ic acid  floating  in  the  atmosphere,  and 
builds  it  up  with  the  hydrogen  of 
water  in  the  tissues  of  the  organism  in- 
to starches  and  other  organic  products, 
which  differ  from  the  inert  substances 
around  them,  mainly  by  the  possession 
of  locked-up  solar  energy.  On  the 
energy-yielding  food-stuffs  thus  stored 
up  the  animal  in  turn  feeds  and  bat- 
tens, reducing  what  was  before  poten- 
tial into  actual  motion  just  as  the 
steam-engine  reduces  the  latent  solar 
energy  of  coal  into  visible  heat  and 
visible  movement  in  its  furnace  and 
its  machinery.  How  the  first  organ- 
ism came  to  exist  biology  has  not  yet 
been  able  fully  to  explain  to  us  ;  but 
aided  by  chemical  science  it  has  been 
able  to  show  us  in  part  how  some  of 
the  simpler  organic  bodies  may  have 
been  originally  built  up,  and  it  does 
not  despair  of  showing  us  in  the  end 
how  the  earliest  organism  may  actu- 
ally have  been  produced  from  the 
prime  elements  of  oxygen,  hydrogen, 
nitrogen,  and  carbon.  Into  this  most 
fundamental  of  biological  problems, 
however,  Darwin  himself,  with  his 
constitutional  caution  and  dread  of 
speculative  theorizing,  was  not  care- 
ful or  curious  to  enter.  Even  upon 
the  far  less  abstruse  and  hypothetical 


all    life   took   its 
a  single  starting- 


question,   whether 
prime  origin  from 

point  or  from  several  distinct  and  sep- 
arate tribal  ancestors,  he  hardly  cared 
so  much  as  to  hazard  a  passing  specu- 
lation. With  splendid  self-restraint 
he  confined  his  attention  almost  en- 
tirely to  the  more  manageable  and 
practical  problem  of  the  origin  of 
species  by  natural  selection,  which 
lay  then  and  there  open  for  solution 
before  him.  Taking  for  granted  the 
existence  of  the  original  organism 
or  group  of  organisms,  the  fact  of  re- 
production, and  the  tendency  of  such 
reproduction  to  beget  increase  in  a 
geometrical  ratio,  he  deduced  from 
these  elementary  given  factors  the 
necessary  corollary  of  survival  of  the 
fittest,  with  all  its  marvelous  and  far- 
reaching  implications  of  adaptation  to 


.78 


the  environment  and  specific  distinc- 
tions. By  doing  so  he  rendered  con- 
ceivable the  mechanism  of  evolution 
in  the  organic  world,  thus  bringing 
another  great  aspect  of  external  nature 
within  the  range  of  the  developmental 
as  opposed  to  the  miraculous  philoso- 
phy of  the  cosmos. 

185.  Psychology,  once  more,  in  the 
hands  of  Herbert  Spencer  and  his  fol- 
lowers, not  wholly  unaided  by  Darwin 
himself,  has   extended   the   self-same 
evolutionary  treatment  to  the  involved 
and  elusive  phenomena  of  mind,  and 
has  shown  how  from  the  simplest  un- 
organized  elements    of    feeling,   the 
various  mental  powers  and  faculties  as 
we  now  know  them,  both  on  the  intel- 
lectual  and   on   the   emotional  side, 
have  been  slowly  built  up  in  the  long 
and  ever-varying  interaction  between 
the  sentient  organism  and  the  natural 
environment.     It  has  traced  the  first 
faint  inception  of  a  nervous  system  as 
a  mere   customary  channel    of   com- 
munication  between  part  and   part : 
the  gradual  growth  of  fiber  and  gan- 
glion ;  the  vague  beginnings  of  exter- 
nal sense-organ  and   internal  brain  ; 
the  final  perfection  of  eye  and  ear,  of 
sight   and   hearing,  of   pleasure   and 
pain,  of  intellect  and  volition.     It  has 
thus  done  for  the  subjective  or  mental 
half    of    our    complex    nature   what 
biology    conceived    by   Darwin,   has 
done  for  the  physical  or  purely  organ- 
ic half  ;  it  has  traced  the  origin  and 
development  of  mind,  without  a  single 
break,  from   its   first   faint  and  half- 
unconscious     manifestation     in     the 
polyp    or    the   jelly-fish   to   its   final 
grand  and  varied  outcome  in  the  soul 
of  the  poet  or  the  intellect  of  the  phi- 
losopher. 

1 86.  Finally,  sociology  has  applied 
the  evolutionary  method  to  the  origin 
and  rise  of  human  societies,  with  their 
languages,  customs,  arts,  and  institu- 
tions, their  governmental  organization 
and  their  ecclesiastical  polity.    Taking 
from    biology   the    evolving    savage, 
viewed   as   a  developed   and   highly 
gifted  product  of  the  anthropoid  stock, 
it    has   shown   by   what   stages   and 
through  what  causes  he  has  slowly  ag- 
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gregated  into  tribes  and  nations ;  has 
built  up  his  communal,  polygamic,  or 
monogamic  family ,  has  learnt  the 
use  of  fire,  of  implements,  of  pottery, 
of  metals  ,  has  developed  the  whole 
resources  of  oral  speech  and  signifi- 
cant gesture  ,  has  invented  writing, 
pictorial  or  alphabetic  ;  has  grown  up 
to  science,  to  philosophy,  to  morals, 
and  to  religion.  The  chief  honors  of 
this  particular  line  of  enquiry,  the 
latest  and  youngest  of  all  to  receive 
the  impact  of  the  evolutionary  im- 
pulse, belong  mainly  to  Tylor,  Lub- 
bock,  and  Spencer  in  England,  and 
to  Haeckel,  De  Mortillet,  and  Wagner 
on  the  continent. 

187.  In  the  sublime  conception  of 
the  external  universe  and  its  present 
workings  which  we  thus  owe  to  the 
independent  efforts  of  so  many  great 
progressive  thinkers,  and  which  has 
here  been  briefly  and  inadequately 
sketched  out,  Darwin's  work  in  life 
falls  naturally  into  its  own  place  as  the 
principal  contribution  to  the  evolu- 
tionary movement  in  the  special  bio- 
logical department  of  thought.  With- 
in the  more  limited  range  of  that  de- 
partment itself,  the  evolutionary  im- 
pulse did  not  owe  its  origin  to  Charles 
Darwin  personally  ;  it  took  its  rise 
with  Erasmus  Darwin,  Buffon  and 
Lamarck,  and  it  derived  from  our 
great  modern  English  naturalist  its 
final  explanation  and  definitive  proof 
alone.  But  just  as  the  evolutionary 
movement  in  astronomy  and  cosmical 
thought  is  rightly  associated  in  all 
our  minds  with  the  mighty  theories  of 
Kant,  Laplace,  and  Herschel ;  just  as 
the  evolutionary  movement  in  geology 
is  rightly  associated  with  the  far 
lesser  yet  brilliant  and  effective  per- 
sonality of  Lyell ;  just  as  the  evolu- 
tionary movement  in  the  derivative 
sciences  is  rightly  associated  with  so 
many  great  still  living  thinkers  ;  so 
the  evolutionary  movement  in  biology 
in  particular  rightly  sums  itself  up  in 
the  honored  name  of  Charles  Darwin. 
For  what  others  suspected,  he  was  the 
first  to  prove  ;  where  others  speculated, 
he  was  the  first  to  observe,  to  experi- 
ment, to  demonstrate,  and  to  convince. 


188.  It  should  be  noted,  too,  that 
while  to  us  who  come  after,  the 
great  complex  evolutionary  movement 
of  the  last  two  centuries  justly  reveals 
itself  as  one  and  indivisible,  a  single 
grand  cosmical  drama,  having  many 
acts  and  many  scenes,  but  all  alike  in- 
spired by  one  informing  and  pervad- 
ing unity,  yet  to  those  whose  half  un- 
conscious co-operation  slowly  built  it 
up  by  episodes,  piecemeal,  each  act 
and  each  scene  unrolled  itself  sepa- 
rately as  an  end  in  itself,  to  be  then 
and  there  attained  and  proved,  quite 
apart  from  the  conception  of  its  an- 
alytic value  as  a  part  in  a  great  har- 
monious natural  poem  of  the  constitu- 
tion of  things.  Though  evolution  ap- 
pears to  us  now  as  a  single  grand 
continuous  process,  a  phase  of  the 
universe  dependent  upon  a  prepon- 
derating aggregation  of  matter  and 
dissipation  of  energy,  yet  to  Kant 
and  Laplace  it  was  the  astronomical 
aspect  alone  that  proved  attractive, 
to  Darwin  it  was  the  biological  as- 
pect alone,  and  to  many  of  the  modern 
workers  in  the  minor  fields  it  is  the 
human  and  sociological  aspect  that 
almost  monopolizes  the  whole  wide 
mental  horizon.  'fNo  greater  proof 
can  be  given  of  the  subjective  dis- 
tinctness of  parts  in  what  was  object- 
ively and  fundamentally  a  single 
broad  psychological  revolution  of  the 
human  mind,  than  the  fact  that  Lyell 
himself,  who  more  than  any  one  man 
had  introduced  the  evolutionary  con- 
ception into  the  treatment  of  geology, 
should  have  stood  out  so  long  and 
fought  so  blindly  against  the  evolu- 
tionary conception  in  the  organic 
world.  Indeed,  it  was  not  until  the 
various  scattered  and  many-colored 
strands  of  evolutionary  thought  had 
been  gathered  together  and  woven 
into  one  by  the  vast  catholic  and  syn- 
thetic intelligence  of  Herbert  Spen- 
cer that  the  idea  of  evolution  as  a 
whole,  as  a  single  continuous  cosmi- 
cal process,  began  to  be  apprehended 
and  gradually  assimilated  by  the 
picked  intelligences  of  the  several 
distinct  scientific  departments. 

i8q.   Observe  also  that  the  evolu- 
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tionary  method  has  invaded  each  of 
the  concrete  sciences  in  the  exact 
order  of  their  natural  place  in  the 
hierarchy  of  knowledge.  It  had  been 
applied  to  astronomy  by  Kant  and 
Laplace  before  it  was  applied  to  geol- 
ogy by  Lyell ;  it  had  been  applied  to 
geology  by  Lyell  before  it  was  applied 
iO  biology  by  Darwin ;  it  had  been 
applied  to  biology  (in  part,  at  least) 
by  Lamarck  and  the  Darwins  before 
it  was  applied  to  psychology  by  Spen- 
cer ;  and  it  is  only  at  the  very  end  of 
all  that  it  has  been  applied  to  so- 
ciology and  the  allied  branches  of 
thought  by  a  hundred  different  earn- 
est workers  in  contemporary  Europe. 
Each  stage  helped  on  the  next ;  each 
was  dependent  only  on  those  that 
went  naturally  before  it,  and  aided  in 
turn  the  subsequent  development  of 
those  that  naturally  came  after  it. 

Nevertheless,  the  popular  instinct 
which  regards  Darwinism  and  evolu- 
tion as  practically  synonymous  is  to  a 
large  extent  justified  by  the  actual 
facts  of  the  psychological  upheaval. 
Darwin's  work  forms  oi>  the  whole 
the  central  keystone  of  the  evolution- 
ary system,  and  deserves  the  honor 
which  has  been  thrust  upon  it  of  sup- 
porting by  its  own  mass  the  entire 
superstructure  of  the  development 
theory. 

190.  For,  in  the  first  place,  Dar- 
win had  to  deal  with  the  science  of 
life,  the  science  where  the  opposition 
to  evolutionism  was  sure  to  be  strong- 
est, and  where  the  forces  and  tenden- 
cies in  favor  of  obscurantism  were 
sure  to  gather  in  fullest  force.  Every 
other  great  onward  step  in  our  knowl- 
edge of  our  own  relation  to  the  uni- 
verse of  which  we  form  a  part  had 
been  compelled  indeed  to  run  the 
gauntlet,  in  its  own  time,  of  ecclesi- 
astical censure  and  of  popular  dislike. 
Those  inveterate  prejudices  of  human 
ignorance  which  sedulously  hide  their 
genuine  shape  under  the  guise  of 
dogma  masquerading  as  religion,  had 
long  since  brought  to  bear  their  bane- 
ful resources  upon  the  discoveries  of 
Copernicus  and  the  theories  of  Gali- 
leo, as  blind,  misleading,  and  diabol 


ical  lights,  opposed  to  the  sure  and 
certain   warranty  of   Holy   Scripture. 
Newton,  again,  had  in  due  time  been 
blamed  in  that  he  boldly  substituted 
(as  his  critics  declared)  the  bald  and 
barren  formula  of  gravitation  for  the 
personal  superintendence  ot  a  divine 
Providence.      Laplace   had  been  ac- 
cused   of   dethroning  the   deity  from 
the  center  and  governance  of  his  ce- 
lestial   system.       Around    the   early 
geologists  the  battle  of  the  six  days 
of  creation    had    raged    fiercely   for 
nearly  half  a  century.     But  all  these 
varying    modes    of    thought,   though 
deemed  heretical  enough  in  their  own 
day,  had  touched,  as  it  were,  but  the 
minor  ramparts  and  unimportant  out- 
works of  the  great  obscurantist  dog- 
matic    strongholds :     Darwinism,    by 
openly  attacking  the  inmost  problems 
of  life  and  mind,  had  brought  to  bear 
its  powerful  artillery  upon   the  very 
keep  and  highest  tower  of  the  fortress 
itself.     The   belief   that   the   various 
stars,   planets,  and  satellites  had   or 
had  not  been  wisely  created  in  their 
existing  positions,  and  with  their  pres- 
ent orbits,  movements,  and  relations 
accurately     fore-measured,     did    not 
fundamentally  affect,  for  good  or  evil, 
the  cherished  dogmas  of  the  ordinary 
multitude.     But  the  analogous  belief 
in  the  distinct  and  separate  creation 
of  plants  and  animals,  and  more  es- 
pecially of   the    human    species,  was 
far  more  closely  and  intimately  bound 
up  with  all  the  current  religious  con- 
ceptions.     It  was  at  first  supposed, 
not  perhaps  without   some   practical 
wisdom,  that    to  upset  the  primitive 
faith  in  the  separate  creation  of  living 
beings  was  to  loosen  and  imperil  the 
very  foundations  of  common  morality 
and  revealed   religion.      The   "  argu- 
ment from  design  "  had  been   imme- 
morially   regarded    as    the    principal 
buttress  of  orthodox  thought.      The- 
ologians had  unwisely  staked  their  all 
upon     the    ideological    dogma,    and 
could   ill    afford  to   retire  without    a 
olow  from  that  tenaciously  defended 
bastion  of  their  main  position.     Hence 
the  evolutionary  concept  had  its  hard- 
est fight  to  wage  over  the  biological 
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field ;  and  when  that  field  was  once 
fairly  won,  it  had  little  more  to  fear 
from  banded  preconceptions  and  es- 
tablished prejudices  in  any  other  por- 
tion of  the  wide  territory  it  claimed 
for  its  own. 

191.  In  the  second  place,  biolog- 
ical evolution,  firmly  established  by 
Darwin  on  a  safe,  certain,  and  unim- 
peachable basis,  led  naturally  and  al- 
most inevitably  to  all  the  other  in- 
numerable applications  of  the  evolu- 
tionary method,  in  the  domains  of 
psychology,  sociology,  philology,  po- 
litical thought,  and  ethical  science. 
Hence  the  immediate  and  visible  re- 
sults of  its  promulgation  have  been 
far  more  striking,  noticeable,  and 
evident  than  those  which  followed 
the  establishment  of  the  evolutionary 
conception  in  the  astronomical  and 
geological  departments.  It  was  pos- 
sible to  accept  cosmical  evolution  and 
solar  evolution  and  planetary  evolu- 
tion, without  at  the  same  time  accept- 
ing evolution  in  the  restricted  field  of 
life  and  mind.  But  it  was  impossible 
to  accept  evolution  in  biology  without 
at  the  same  time  extending  its  appli- 
cation to  psychology,  to  the  social  or- 
ganism, to  language,  to  ethics,  to  all 
the  thousand  and  one  varied  interests 
of  human  life  and  human  develop- 
ment. Now,  most  people  are  little 
moved  by  speculations  and  hypoth- 
eses as  to  the  origin  of  the  milky  way 
or  the  belt  of  Orion  ;  they  care  very 
slightly  for  Jupiter's  moons  or  Sat- 
urn's rings ;  they  are  stolidly  incuri- 
ous as  to  the  development  of  the 
earth's  crust,  or  the  precise  date  of 
the  cretaceous  epoch ;  but  they  un- 
derstand and  begin  to  be  touched  the 
moment  you  come  to  the  practical 
questions  of  man's  origin,  nature,  and 
history.  Darwinism  compelled  their 
attention  by  its  immediate  connection 
with  their  own  race  ;  and  the  proof  of 
this  truth  is  amply  shown  by  the  mere 
fact  that  out  of  all  the  immense  va- 
riety of  Charles  Darwin's  theories  and 
ideas,  the  solitary  one  which  alone 
has  succeeded  in  attaching  to  itself 
the  public  interest  and  public  ridicule 
is  the  theorv  of  man's  ultimate  de- 


scent from  a  monkey-like  ancestor. 
Popular  instinct,  here  as  elsewhere 
profoundly  true  at  core  in  the  midst 
of  all  its  superficial  foolishness,  has 
rightly  hit  upon  the  central  element 
in  the  Darwinian  conception  which 
more  than  any  other  has  caused  its 
fruitful  and  wonderful  expansion 
through  every  fertile  field  of  human 
inquiry. 

In  short,  it  was  Darwin's  task  in 
life  to  draw  down  evolution  from 
heaven  to  earth,  and  to  bring  within 
the  scope  of  its  luminous  method  all 
that  is  most  interesting  to  the  unin- 
structed  and  unsophisticated  heart  of 
the  natural  man. 

192.  The  application  of  the  evolu- 
tionary principle  to  the  world  of  life, 
human  or  animal,  thus  presents  itself 
as  the  chief  philosophic  and  scientific 
achievement  of  the  nineteenth  cent- 
ury. Throughout  the  whole  middle 
decades  of  the  present  age,  the  hu- 
man mind  in  all  its  highest  embodi- 
ments was  eagerly  searching,  groping, 
and  inquiring  after  a  naturalistic  ex- 
planation of  the  origin  and  progress 
of  organic  life.  In  the  vast  scheme 
for  the  System  of  Synthetic  Philos- 
ophy which  Herbert  Spencer  set  forth 
as  an  anticipatory  synopsis  of  his  pro- 
jected work,  the  philosopher  of  de- 
velopment leapt  at  once  from  the 
First  Principles  of  evolution  as  a  whole 
to  the  Principles  of  Biology,  Psychol- 
ogy, and  Sociology,  omitting  all  refer- 
ence to  the  application  of  evolution 
to  the  vast  field  of  inorganic  nature ; 
and  he  did  so  on  the  distinctly  stated 
ground  that  its  application  to  organic 
nature  was  then  and  there  more  im- 
portant and  interesting.  That  sug- 
gestive expression  of  belief  aptly  sums 
up  the  general  attitude  of  scientific 
and  philosophic  minds  at  the  precise 
moment  of  the  advent  of  Darwinism. 
Kant  and  Laplace  and  Lyell  had  al- 
ready applied  the  evolutionary  method 
to  suns  and  systems,  to  planets  and 
continents ;  what  was  needed  next 
was  that  some  deeply  learned  and 
universally  equipped  biological  leader 
should  help  the  lame  evolutionism  of 
Lamarck  over  the  organic  stile,  and 
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leave  it  free  to  roam  the  boundless 
fields  of  what  Mr.  Spencer  has  some- 
times well  described  as  the  super- 
organic  sciences.  For  that  office, 
Darwin  at  the  exact  moment  presented 
himself ;  and  his  victory  and  its  re- 
sults rightly  entitle  him  to  the  popular 
regard  as  the  founder  of  all  that  most 
men  mean  when  they  speak  together 
in  everyday  conversation  of  the  doc- 
trine of  evolution. 

193.  On  the  other  hand,  the  total 
esoteric  philosophic  conception  of 
evolution  as  a  cosmical  process,  one 
and  continuous  from  nebula  to  man, 
from  star  to  soul,  from  atom  to  so- 
ciety, we  owe  rather  to  the  other 
great  prophet  of  the  evolutionary 
creed,  Herbert  Spencer,  whose  name 
will  ever  be  equally  remembered  side 
by  side  with  his  mighty  peer's,  in  a 
place  of  high  collateral  glory.  It  is 
he  who  has  given  us  the  general  defi- 
nition of  evolution  as  a  progress  from 
an  indefinite,  incoherent  homogeneity 
to  a  definite  coherent  heterogeneity, 
accompanying  an  integration  of  mat- 
ter and  dissipation  of  motion,  or,  as 
we  should  now  perhaps  more  cor- 
rectly say,  of  energy.  In  the  estab- 
lishment of  the  various  lines  of 
thought  which  merge  at  last  in  that 
magnificent  cosmical  law,  it  was  Dar- 
win's special  task  to  bring  the  phe- 
nomena of  organic  life  well  within 
the  clear  ken  of  known  and  invari- 
able natural  processes. 


CHAPTER  XII. 

THE   NET  RESULT. 

AND  now  let  us  ask  ourselves,  in 
all  sincerity,  what  was  the  final  out- 
come and  net  result  of  Darwin's  great 
and  useful  life  ? 

194.  If  Charles  Darwin  had  never 
existed  at  all,  there  would  still  have 
been  a  considerable  and  expansive 
evolutionary  movement  both  in  bi- 
ology and  in  its  sister  sciences 
throughout  the  latter  half  of  the  pres- 
ent century.  The  harvest  indeed 


was  ready,  and  the  laborers,  though 
few,  were  full  of  vigor.  Suppose  for 
a  moment  that  that  earnest  and 
single-hearted  Darwinian  genius  had 
been  cut  off  by  some  untimely  dis- 
ease of  childhood  at  five  years  old, 
all  other  conditions  remaining  as  they 
were,  we  should  even  so  have  had  in 
our  midst  to-day,  a  small  philosoph- 
ical and  influential  band  of  evolution- 
ary workers.  Spencer  would  none 
the  less  have  given  us  his  "  First  Prin- 
ciples" and  the  major  part  of  his 
"  Principles  of  Biology,"  with  com- 
paratively little  alteration  or  omission. 
Wallace  would  none  the  less  have 
promulgated  his  inchoate  theory  of 
natural  selection,  and  rallied  round 
his  primordial  conception  the  very 
best  and  deepest  minds  of  the  biolog- 
ical fraction.  Geology  would  have 
enforced  the  continuity  of  types ; 
Cope  and  Marsh  would  have  un- 
earthed for  our  edification  the  ances- 
tral forms  of  the  evolving  horse  and 
the  toothed  birds  of  the  Western 
American  deposits.  The  Solenhofen 
lithographic  slates  would  still  have 
yielded  us  the  half-reptilian,  half- 
avian  Archaeopteryx  ;  the  tertiary  de- 
posits would  still  have  presented  us 
with  a  long  suite  of  gradually  special- 
ized and  modified  mammalian  forms. 
The  Siberian  meadows  would  have 
sent  us  that  intermediate  creature 
which  Prjevalsky  recognizes  as  the 
half-way  house  between  the  horses 
and  the  donkeys ;  the  rivers  of 
Queensland  would  have  disclosed  to 
our  view  that  strange  lung-bearing 
and  gill-breathing  barramunda,  in 
which  Gxinther  discerns  the  missing 
link  between  the  ganoid  fishes  on  the 
one  hand,  and  the  mudfish  and  sala- 
mandroid  amphibians  on  the  other. 
From  data  such  as  these,  biologists 
and  paleontologists  of  the  caliber  of 
Huxley,  Gaudry,  Geikie,  Riitimeyer, 
and  Busk,  would  necessarily  have  de- 
rived, by  the  aid  of  Wallace's  preg- 
nant principle,  conclusions  not  so 
very  far  remote  from  Darwin's  own. 
Heer  and  Saporta  would  have  drawn 
somewhat  similar  inferences  from 
the  fossil  flora  of  Switzerland  and  of 


CHARLES  DARWIN. 


Greenland ;  Hooker  and  De  Can- 
dolle  would  have  read  pretty  much 
the  self-same  lessons  in  the  scattered 
ferns  and  scanty  palm-trees  of  oceanic 
islands.  Kowalevsky  would  have 
seen  in  the  ascidian  larva  a  common 
prototype  of  the  vertebrate  series ; 
the  followers  of  Von  Baer  would  have 
popularized  the  embryological  con- 
ception of  the  single  origin  of  animal 
life.  The  researches  of  Boucher  de 
Perthes,  of  Lyell,  of  Evans,  of  Boyd 
Dawkins,  of  Keller,  and  of  Christy 
and  Lartet,  would  have  unrolled  be- 
fore our  eyes,  under  any  circum- 
stances, the  strange  story  of  prehis- 
toric man.  On  the  facts  so  gained, 
Lubbock  and  Tylor,  Schaafhausen 
and  Biichner,  would  have  built  up 
their  various  consistent  theories  of 
human  development  and  human  cult- 
ure. In  short,  even  without  Charles 
Darwin,  the  nineteenth  century  would 
not  have  stood  still ;  it  would  have 
followed  in  the  wake  of  Buffon  and 
Diderot,  of  Lamarck  and  Laplace,  of 
St.  Hilaire  and  Goethe,  of  Kant  and 
Herschel,  of  Hutton  and  Lyell,  of 
Malthus  and  of  Spencer.  The  great 
world  never  rolls  down  the  abysses  of 
time  obedient  to  the  nod  of  one 
single  overruling  Titanic  intellect. 
"  If  the  doctrine  of  evolution  had  not 
existed,"  says  Huxley,  "  paleontolo- 
gists must  have  invented  it." 

195.  But  Charles  Darwin  acted, 
nevertheless,  the  part  of  an  immense 
and  powerful  accelerating  energy. 
The  impetus  which  he  gave  gained 
us  at  least  fifty  years  of  progress ;  it 
sent  us  at  a  bound  from  Copernicus 
to  Newton  ;  so  far  as  ordinary  minds 
were  concerned,  indeed,  it  tran- 
scended at  a  single  leap  the  whole 
interval  from  Ptolemy  to  Herschel. 
The  comparison  is  far  from  being  a 
mere  rhetorical  one.  A  close  analogy 
really  exists  between  the  two  cases. 
Before  Copernicus,  the  earth  stood 
fixed  and  immovable  in  the  center  of 
the  universe,  with  obsequious  suns, 
and  planets,  and  satellites  dancing 
attendance  in  cycle  and  epicycle 
around  the  solid  mass,  to  which  by 
day  and  night  they  continually  minis- 


:ered.  The  great  astronomical  revo- 
lution begun  by  Copernicus,  Galileo, 
and  Kepler,  and  completed  by  New- 
ton, Laplace,  and  Herschel,  reduced 
the  earth  to  its  true  position  as  a 
petty  planet,  revolving  feebly  among 
its  bigger  brethren  round  a  petty  sun, 
in  some  lost  corner  of  a  vast,  majes- 
tic, and  almost  illimitable  galaxy. 
Even  so,  before  Darwin,  man  stood 
in  his  own  esteem  the  fixed  point  of 
an  anthropocentric  universe,  divinely 
born  and  divinely  instructed,  with  all 
the  beasts  of  the  field,  and  the  fowls 
of  the  air,  and  the  fruits  of  the  earth 
specially  created  with  a  definite  pur- 
pose in  subservience  to  his  lordly 
wants  and  interests.  The  great  bio- 
logical revolution,  which  rightly  al- 
most sums  itself  up  in  the  name  of 
Darwin,  reduced  man  at  once  to  his 
true  position  as  the  last  product  of 
kinetic  solar  energy,  working  upon 
the  peculiar  chemical  elements  of  an 
evolving  planet.  It  showed  that 
every  part  of  every  plant  and  every 
animal  existed  primarily  for  the  sake 
of  that  plant  or  animal  alone  ;  it  un- 
seated man  from  his  imaginary  throne 
in  the  center  of  the  cosmos,  teaching 
him  at  once  a  lesson  of  humility  and 
a  lesson  of  aspiration — pointing  out 
to  him  how  low  was  the  origin  from 
which,  in  very  truth,  he  first  sprang, 
and  suggesting  to  him,  at  the  same 
time,  how  high  was  the  grand  and 
glorious  destiny  to  which  by  his  own 
strenuous  and  ardent  efforts  he  might 
yet  perchance  some  day  attain. 

196.  That  result,  inevitable  perhaps 
in  the  long  run,  from  the  slow  unfold- 
ing of  human  intelligence,  was  im- 
mensely hastened  in  our  own  time  by 
th*  peculiar  idiosyncrasy  and  lofty  per- 
sonality of  Charles  Darwin.  Without 
him  we  should  have  had,  not  only 
evolutionism,  but  also,  as  Wallace's 
discovery  testifies,  natural  selection 
itself  into  the  bargain.  But  we 
should  never  have  had  the  "  Origin 
of  Species."  We  should  never  have 
had  that  vast  and  enthusiastic  con- 
sensus of  scientific  opinion  through 
an  all  but  unanimous  thinking  world, 
which  has  forced  an  immediate  acco*- 
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ance  of  evolutionary  ideas  down  the 
unwilling  throats  of  half  unthinking 
Europe.  The  prodigious  mass  of 
Darwin's  facts,  the  cautious  working 
of  Darwin's  intellect,  the  immense 
weight  of  Darwin's  reputation,  the 
crushing  force  of  Darwin's  masterly 
inductive  method,  bore  down  before 
them  all  opposition  in  the  inner 
circle  of  biologists,  and  secured  the 
triumph  of  the  evolutionary  system 
even  in  the  very  strongholds  of  igno- 
rance and  obscurantism.  Without 
Darwin,  a  small  group  of  philosophic 
thinkers  would  still  be  striving  to  im- 
press upon  an  incredulous  and  some- 
what contemptuous  world  the  central 
truths  of  the  evolutionary  doctrine. 
The  opposition  of  the  elders,  long 
headed  even  in  the  society  we  act- 
ually know  by  a  few  stern  scientific 
recalcitrants,  like  Owen  and  Agassiz, 
Pictet  and  Dawson,  Virchow  and 
Mivart,  would  have  fought  desperately 
in  the  last  trench  for  the  final  figment 
of  the  fixity  of  species.  What  is  now 
the  general  creed,  more  or  less  loosely 
held  and  imperfectly  understood,  of 
hundreds  and  thousands  among  the 
intelligent  mass,  would,  under  such 
circumstances,  be  even  yet  the  mere 
party-shibboleth  of  an  esoteric  few, 
struggling  hard  against  the  bare  force 
of  overwhelming  numbers  to  insure 
not  only  recognition  but  a  fair  hear- 
ing for  the  first  principles  of  the  de- 
velopment theory.  It  is  to  Darwin, 
and  to  Darwin  almost  alone,  that  we 
owe  the  present  comparatively  wide 
acceptance  of  the  all-embracing  doc- 
trine of  evolution. 

197.  No  other  man  did  so  much  or 
could  have  done  so  much  to  insure  its 
triumph.  He  began  early  in  life  to 
collect  and  arrange  aivast  encyclopedia 
of  facts,  all  finally  focused  with  su- 
preme skill  upon  the  great  principle  he 
so  clearly  perceived,  and  so  lucidly  ex- 
pounded. He  brought  to  bear  upon 


His  conspicuous  and  beautiful  love  of 
truth,  his  unflinching  candor,  his  trans- 
parent fearlessness  and  honesty  of 
purpose,  his  child-like  simplicity,  his 
modesty  of  demeanor,  his  charming 
manner,  his  affectionate  disposition, 
his  kindliness  to  friends,  his  courtesy 
to  opponents,  his  gentleness  to  harsh 
and  often  bitter  assailants,  kindled  in 
the  minds  of  men  of  science  every- 
where throughout  the  world  a  conta- 
gious enthusiasm,  only  equaled  per- 
haps among  the  disciples  of  Socrates 
and  the  great  teachers  of  the  revival 
of  learning.  His  name  became  a 
rallying-point  for  the  children  of  light 
in  every  country  ;  and  what  philoso- 


phers   and   speculators 
taken  a  century  or  two 


might    have 
more  to  es- 


tablish in  embryo  was  firmly  grounded, 
never  to  be  overthrown,  by  the  vast 
accumulations  of  fact  and  argument 
in  the  "  Origin  of  Species,"  and  its 
companion  volumes. 

198.  The  end  of  that  great  Darwin- 
ian revolution  the  world  has  not  yet 
seen  :  in  a  sense,  indeed,  it  will  never 
see  it.  For  the  general  acceptance  of 
Darwin's  theory,  which  we  may  watch 
progresssing  around  us  every  minute 
to-day,  implies  a  complete  bouleverse- 
ment  of  anthropocentric  ideas,  a  total 
change  in  our  human  conception  of 
our  own  relations  to  the  world  and 
the  universe,  which  must  work  out 
forever  increasingly  wide-reaching 
and  complex  effects  in  all  our  deal- 
ings with  one  another  and  with  the 
environment  at  large.  There  is  no 
department  of  human  thought  or 
human  action  which  evolutionism 
leaves  exactly  where  it  stood  before 
the  advent  of  the  Darwinian  concep- 
tion. In  nothing  is  this  fact  more 
conspicuously  seen  than  in  the  im- 
mediate obsolescence  (if  one  may  SG 
speak)  of  all  the  statical  pre-Darwin- 
ian  philosophies  which  ignored  devel- 
opment, as  soon  as  ever  the  new  pro- 


the  question  an  amount  of  personal  ob- 1  gressive  evolutionary  theories  had 
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rooms  of  Oxford ;  Buckle  was  ex- 
ploded like  an  inflated  wind-bag ; 
even  Mill  himself — clarum  et  vencra- 
bile  nomen — with  all  his  mighty  steam- 
hammer  force  of  logical  directness, 
was  felt  instinctively  to  be  lacking  in 
full  appreciation  of  the  dynamic  and 
kinetic  element  in  universal  nature. 
Spencer  and  Hartmann,  Haeckel  and 
Clifford,  had  the  field  to  themselves 
for  the  establishment  of  their  essen- 
tially evolutionary  systems.  Great 
thinkers  of  the  elder  generation,  like 
Bain  and  Lyell,  felt  bound  to  remodel 
their  earlier  conceptions  by  the  light 
of  the  new  Darwinian  hypotheses. 
Those  who  failed  by  congenital  con- 
stitution to  do  so,  like  Carlyle  and 
Carpenter,  were,  philosophically 
speaking,  left  hopelessly  behind  and 
utterly  extinguished.  Those  who 
only  half  succeeded  in  thus  reading 
themselves  into  the  new  ideas,  like 
Lewes  and  Max  Miiller,  lost  ground 
immediately  before  the  eager  on- 
slaught of  their  younger  competitors. 
"  The  world  is  to  the  young,"  says 
the  eastern  proverb ;  and  in  a  world 
peopled  throughout  in  the  high 
places  of  thought  by  men  almost 
without  exception  evolutionists,  there 
was  little  or  no  place  for  the  timid 
group  of  stranded  Girondins,  who  still 
stood  aloof  in  sullen  antique  scientific 
orthodoxy  from  what  seemed  to  them 
the  carmagnoles  and  orgies  of  a  bio- 
logical Thermidor. 

199.  At  the  same  time,  it  must  be 
steadily  remembered  that  there  are 
many  naturalists  at  the  present  day, 
especially  among  those  of  the  lower 
order  of  intelligence,  who,  while  ac- 
cepting evolutionism  in  a  general  way, 
and  therefore  always  describing  them- 
selves as  Darwinians,  do  not  believe 
and  often  cannot  even  understand  the 
distinctive  Darwinian  addition  to  the 
evolutionary  doctrine — namely,  the 
principle  of  natural  selection.  Such 
hazy  and  indistinct  thinkers  as  these 
are  still  really  at  the  prior  stage  of 
Lamarckian  evolutionism.  It  is  prob- 
able that  in  the  future,  while  a  formal 
acceptance  of  Darwinism  becomes 
general,  the  special  theory  of  natural 


selection  will  be  thoroughly  under- 
stood and  assimilated  only  by  the 
more  abstract  and  philosophical 
minds.  Our  children  will  be  taught 
as  a  matter  of  course  the  doctrine  of 
development  or  of  descent  with  modi- 
fication ;  but  the  rationale  of  that  de- 
scent will  still  remain  in  all  likelihood 
always  beyond  the  grasp  of  most  of 
them  :  just  as  thousands  accept  on  au- 
thority the  Copernican  astronomy, 
who  would  never  even  be  capable  of 
comprehending  the  simplest  proofs  of 
the  earth's  annual  movement  round 
the  sun.  Thus  the  name  of  Darwin 
will  often  no  doubt  be  tacked  on  to 
what  are  in  reality  the  principles  of 
Lamarck. 

200.  Every  day,  however,  in  spite 
of  such  half-ignorant  adherents,  the 
effects  of  true  Darwinism  are  widen- 
ing and  deepening.  One  group  of 
earnest  workers  is  using  it  now  as  a 
guide  to  physiological,  embryological, 
and  anatomical  researches.  Another 
is  employing  it  with  zeal  and  skill  in 
the  field  of  classificatory  and  physio- 
logical botany.  Yet  others  are  work- 
ing out  its  psychological  implications, 
inquiring  into  instinct  and  animal  in- 
telligence, and  solving  by  its  aid  ab- 
struse problems  of  the  human  mind 
and  the  human  emotions.  One  philos- 
opher has  brought  it  to  bear  on  ques- 
tions of  ethics,  another  on  questions  of 
social  and  political  economy.  Its 
principles  have  been  applied  in  one 
place  to  aesthetics,  in  another  place  to 
logic,  in  a  third  place  to  the  origin  and 
growth  of  religion.  The  study  of  lan- 
guage has  derived  new  lights  from  the 
great  central  Darwinian  luminary. 
The  art  of  education  is  beginning  to 
feel  the  progressive  influence  of  the 
Darwinian  impulse.  In  fact,  there  is 
hardly  a  single  original  worker  in  any 
department  of  thought  or  science  who 
has  not  been  more  or  less  profoundly 
affected,  whether  he  knows  it  or 
whether  he  knows  it  not,  by  the  vast 
spreading  and  circling  wave  of  the 
Darwinian  conceptions.  All  our 
ideas  have  been  revolutionized  and 
evolutionized.  The  new  notions  are 
abroad  in  the  world,  quickening  with 
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their  fresh  and  vigorous  germinal 
power  the  dry  bones  of  all  the  sci- 
ences, all  the  arts,  and  all  the  philos- 
ophies. 

201.  And  evolutionism  is  gradually 
though  slowly  filtering  downward.  It 
is  permeating  the  daily  press  of  the 
nations,  and  gaining  for  its  vocabu- 
lary a  recognized  place  in  the  phrase- 
ology of  the  unlearned  vulgar.  Such 
expressions  as  "natural  selection," 
"  survival  of  the  fittest,"  "  struggle  for 
existence,"  "  adaptation  to  the  envi- 
ronment," and  all  the  rest  of  it,  are 
becoming  as  household  words  upon 
the  lips  of  thousands  who  only  know 
the  name  of  Darwin  as  a  butt  for  the 
petty  empty  jibes  of  infinitesimal 
cheap  witlings.  And  Darwinism  will 
trickle  down  still  through  a  thousand 
channels,  by  definite  popularization, 
and  still  more  by  indefinite  absorption 
into  the  common  thought  of  universal 
humanity,  till  it  becomes  part  and 
parcel  of  the  general  inheritance,  bred 
in  our  bone  and  burnt  into  our  blood, 
an  heir-ioom  of  our  race  to  all  ti/ne 
and  in  all  countries.  Great  thoughts 
like  his  do  not  readily  die  :  they  ex- 
pand and  grow  in  ten  thousand  bo- 
soms, till  they  transform  the  world  at 
last  into  their  own  likeness,  and  adapt 
it  to  the  environment  they  have  them- 


selves   created    by    their    informing 
power. 

202.  Happy  above  ordinary'  human 
happiness,  Charles  Darwin  lived  him- 
self to  see  the  prosperous  beginning  of 
this  great  silent  philosophical  revolu- 
tion. Harvey's  grand  discovery,  it 
has  been  well  said,  was  scoffed  at  for 
nearly  a  whole  generation.  Newton's 
marvelous  law  of  gravitation  was 
coldly  received  even  by  the  gigantic  in- 
tellect of  Leibnitz  himself.  Francis 
Bacon,  in  disgrace  and  humiliation, 
could  only  commend  his  name  and 
memory  "  to  foreign  nations  and  to  the 
next  age."  It  is  too  often  so  with 
thinkers  of  the  first  and  highest  order : 
it  was  not  so,  happily,  with  the  gentle 
soul  of  Charles  Darwin.  Alone 
among  the  prophets  and  teachers  of  tri- 
umphant creeds,  he  saw  with  his  own 
eyes  the  adoption  of  the  faith  he  had 
been  the  first  to  promulgate  in  all  its 
fullness  by  every  fresh  and  powerful 
mind  of  the  younger  race  that  grew 
up  around  him.  The  Nestor  of  evo- 
lutionism, he  had  lived  among  two 
successive  generations  of  thinkers, 
and  over  the  third  he  ruled  as  king. 
With  that  crowning  joy  of  a  great,  a 
noble,  and  a  happy  life,  let  us  leave 
him  here  alone  in  his  glory. 
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ORIGIN  OF  SPECIES 

BY  MEANS  OF  NATURAL  SELECTION 

BY 

CHARLES  DARWIN,  M*A*,  F.RS. 

IN  TWO  PARTS.—  PART  FIRST. 


INTRODUCTION. 

1.  WHEN  on  board  H.M.S.  'Beagle,' 
as  naturalist,  I  was  much  struck  with  cer- 
tain facts  in  the  distribution  of  the  organ- 
ic beings  inhabiting  South  America,  and 
in  the  geological  relations  of  the  present 
to  the  past  inhabitants  of  that  continent. 
These  facts,  as  will  be  seen  in  the  latter 
chapters  of  this  volume,  seemed  to  throw 
some  light  on  the  origin  of  species — that 
mystery  of  mysteries,  as  it  has  been  called 
by  one  of  our  greatest  philosophers.    On 
my  return   home,  it  occurred    to  me,  in 
1837,  that  something  might  perhaps  be 
made  out  on  this  question  by  patiently 
accumulating  and  reflecting  on  all  sorts 
of  facts  which  could  possibly  have  any 
bearing  on  it.     After  five  years'  work  I 
allowed  myself  to  speculate  on  the  sub- 
ject, and  drew  up    some  short  notes ; 
these  I  enlarged  in  1844  into  a  sketch  of 
the  conclusions,  which   then   seemed  to 
me  probable ;  from   that   period  to  the 
present  day  I  have  steadily  pursued  the 
same  object.    I  hope  that  I  may  be  ex- 
cused for  entering  on  these  personal  de- 
tails, as  I  give  them  to  show  that  I  have 
not  been  hasty  in  coming  to  a  decision. 

2.  My  work  is  now  (1859)  nearly  fin- 
ished ;  but  as  it  will  take  me  many  more 
years  to  complete  it,  and  as  my  health  is 


far  from  strong,  I  have  been  urged  to 
publish  this  Abstract.  I  have  more  espe- 
cially been  induced  to  do  this,  as  Mr. 
Wallace,  who  is  now  studying  the  natural 
history  of  the  Malay  archipelago,  has  ar- 
rived at  almost  exactly  the  same  general 
conclusions  that  I  have  on  the  origin  of 
species.  In  1858  he  sent  me  a  memoir  on 
this  subject,  with  a  request  that  I  would 
forward  it  to  Sir  Charles  Lyell,  who  sent 
it  to  the  Linnean  Society,  and  it  is  pub- 
lished in  the  third  volume  of  the  Journal 
of  that  Society.  Sir  C.  Lyell  and  Dr. 
Hooker,  who  both  knew  of  my  work — 
the  latter  having  read  my  sketch  of  1844 
— honored  me  by  thinking  it  advisable  to 
publish,  with  Mr.  Wallace's  excellent 
memoir,  some  brief  extracts  from  my 
manuscripts. 

3.  This  Abstract,  which  I  now  publish, 
must  necessarily  be  imperfect.  I  cannot 
here  give  references  and  authorities  for 
my  several  statements  ;  and  I  must  trust 
to  the  reader  reposing  some  confidence 
in  my  accuracy.  No  doubt  errors  will 
have  crept  in,  though  I  hope  I  have  al- 
ways been  cautious  in  trusting  to  good 
authorities  alone.  I  can  here  give  only 
the  general  conclusions  at  which  I  have 
arrived,  with  a  few  facts  in  illustration, 
but  which,  I  hope,  in  moct  cases  will  suf- 
fice. No  one  can  feel  more  sensible  than 
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I  do  01  the  necessity  of  hereafter  publish- 
ing in  detail  ail  the  facts,  with  references, 


„..  which  my  conclusions  have  been 
grounded ;  and  I  hope  in  a  future  work 
to  do  this.  For  I  am  well  aware  that 
scarcely  a  single  point  is  discussed  in  this 
volume  on  which  facts  cannot  be  adduced, 
often  apparently  leading  to  conclusions 
directly  opposite  to  those  at  which  I  have 
arrived.  A  fair  result  can  be  obtained 
only  by  fully  stating  and  balancing  the  facts 
and  arguments  on  both  sides  of  each 
question  ;  and  this  is  here  impossible. 

4.  I  much  regret   that  want  of  space 
prevents  my  having  the  satisfaction  of  ac- 
knowledging   the    generous    assistance 
which  I  have  received  from  very  many 
naturalists,  some  of  them  personally  un- 
known to   me.     I   cannot,   however,  let 

•  this  opportunity  pass  without  expressing 
my  deep  obligations  to  Dr.  Hooker,  who, 
for  the  last  fifteen  years,  has  aided  me  in 
every  possible  way  by  his  large  stores  of 
knowledge  and  his  excellent  judgment. 

5.  In  considering  the  Origin  of  Species, 
it  is  quite  conceivable  that  a  naturalist, 
reflecting  on  the  mutual  affinities  of  or- 
ganic beings,  on  their  embryological  rela- 
tions, their  geographical  distribution,  geo- 
logical succession,  and  other  such  facts, 
might  come  to  the  conclusion  that  species 
had  not  been  independently  created,  but 
had  descended,  like  varieties,  from  other 
species.     Nevertheless,  such  a  conclusion, 
.ven  if  well  founded,  would  be  unsatis- 
factory, until  it  could  be  shown  how  the 
innumerable  species  inhabiting  this  world 
have  been  modified,  so  as  to  acquire  that 
perfection  of  structure  and  coadaptation 
which    justly    excites    our    admiration. 
Naturalists  continually  refer  to  external 
conditions,  such  as  climate,  food,  etc.,  as 
the  only  possible  cause  of  variation.  •  In 
one  limited  sense,  as  we  shall  hereafter 
see,  this  may  be  true  ;  but  it  is  preposter- 
ous to  attribute  to  mere  external  condi- 
tions, the  structure,  for  instance,  of  the 
woodpecker,  with  its  feet,  tail,  beak,  and 
tongue,  so  admirably  adapted  to   catch 
insects   under  the  bark  of  trees.     In  the 
case   of   the  mistletoe,  which  draws  its 
nourishment   from  certain  trees,  which 
has  seeds  that  must  be  transported  by 
certain  birds,  and  which  has  flowers  with 
separate  sexes   absolutely    requiring  the 
agency  of  certain  insects  to  bring  pollen 
from  one  flower  to  the  other,  it  is  equally 
preposterous  to  account  for  the  structure 
of  this  parasite,  with  its  relations  to  sev- 
eral distinct  organic  beings,  by  the  effects 
of  external  conditions,  or  of  habit,  or  of 
the  volition  of  the  plant  itself. 


6.  It  is,  therefore,  of  the  highest  impor- 
tance to  gain  a  clear  insight  into  the 
means  of  modification  and  coadaptation. 
At  the  commencement  of  my  observa- 
tions it   seemed  to   me  probable  that  a 
careful  study   of  domesticated   animals 
and  of  cultivated  plants  would  offer  the 
best  chance  of  making  out  this  obscure 
problem.     Nor  have  I  been  disappointed ; 
in  this  and  in  all  other  perplexing  cases  I 
have  invariably  found  that  our  knowledge, 
imperfect  though  it  be,  of  variation  under 
domestication,  afforded  the  best  and  safest 
clue.     I  may  venture  to  express  my  con- 
viction of  the  high  value  of  such  studies, 
although  they  have  been  very  commonly 
neglected  by  naturalists. 

7.  From  these  considerations,  I  shall 
devote  the  first  chapter  of  this  Abstract  to 
Variation    under     Domestication.       We 
shall  thus  see   that   a  large  amount  of 
hereditary  modification  is  at  least  possi- 
ble ;  and,  what  is  equally  or  more  impor- 
tant, we  shall  see  how  great  is  the  power 
of  man  in  accumulating  by  his  Selection 
successive  slight  variations.     I  will  then 
pass  on  to  the  variability  of  species  in  a 
state  of  nature  ;  but  I  shall,  unfortunately, 
be  compelled  to  treat  this  subject  far  too 
briefly,  as  it  can  be  treated  properly  only 
by  giving  long  catalogues  of  facts.     We 
shall,  however,  be  enabled  to  discuss  what 
circumstances  are  most  favorable  to  vari- 
ation.    In  the  next  chapter  the  Struggle 
for  Existence  among  all  organic  beings 
throughout  the  world,   which  inevitably 
follows  from  the  high  geometrical  ratio  of 
their  increase,  will  be  considered.     This 
is  the  doctrine  of  Malthus,  applied  to  the 
whole  animal  and  vegetable,  kingdoms. 
As  many  more  individuals  of  each  species 
are  born  than  can  possibly  survive  ;  and 
as,  consequently,   there  is  a  frequently 
recurring  struggle  for   existence,   it  fol- 
lows that  any  being,  if  it  vary  however 
slightly  in  any  manner  profitable  to  itself, 
under  the  complex  and  sometimes  vary- 
ing conditions  of  life,  will  have  a  better 
chance  of  surviving,  and  thus  be  natural- 
ly selected.     From  the  strong  principle 
of  inheritance,  any  selected  variety  will 
tend  to  propagate  its  new  and  modified 
form. 

8.  This   fundamental  subject  of  Nat- 
ural  Selection  will   be  treated   at  some 
length   in  the  fourth   chapter;    and  we 
shall  then  see  how  Natural  Selection  al- 
most inevitably  causes  much  Extinction  of 
the  less  improved  forms  of  life,  and  leads 
to  what  I  have  called  Divergence  of  Char- 
acter.    In  the  next  chapter  I  shall  discuss 
the  complex  and  little  known  laws  of  vari- 
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ation.  In  the  five  succeeding  chapters, 
the  most  apparent  and  gravest  difficulties 
in  accepting  the  theory  will  be  given  : 
namely,  first,  the  difficulties  of  transitions, 
or  how  a  simple  being  or  a  simple  organ 
can  be  changed  and  perfected  into  a 
highly  developed  being  or  into  an  elabo- 
rately constructed  organ ;  secondly,  the 
subject  of  Instinct,  or  the  mental  powers 
of  animals  ;  thirdly,  Hybridism,  or  the  in- 
fertility of  species  and  the  fertility  of  va- 
rieties when  intercrossed ;  and  fourthly, 
the  imperfection  of  the  Geological  Rec- 
ord. In  the  next  chapter  I  shall  con- 
sider the  geological  succession  of  organic 
beings  throughout  time  ;  in  the  twelfth 
and  thirteenth,  their  geographical  distribu- 
tion throughout  space  ;  in  the  fourteenth, 
their  classification  or  mutual  affinities, 
both  when  mature  and  in  an  embryonic 
condition.  In  the  last  chapter  I  shall  give 
a  brief  recapitulation  of  the  whole  work, 
and  a  few  concluding  remarks. 

9.  No  one  ought  to  feel  surprise  at 
much  remaining  as  yet  unexplained  in  re- 
gard to  the  origin  of  species  and  varieties, 
if  he  make  due  allowance  for  our  pro- 
found ignorance  in  regard  to  the  mutual 
relations  of  the  many  beings  which  live 
around  us.  Who  can  explain  why  one 
species  ranges  widely  and  is  very  numer- 
ous, and  why  another  allied  species  has  a 
narrow  range  and  is  rare  ?  Yet  these  re- 
lations are  of  the  highest  importance,  for 
they  determine  the  present  welfare,. and, 
as  I  believe,  the  future  success  and  mod- 
ification of  every  inhabitant  of  this  world. 
Still  less  do  we  know  of  the  mutual  rela- 
tions of  the  innumerable  inhabitants  of  the 
world  during  the  many  past  geological 
epochs  in  its  history.  Although  much 
remains  obscure,  and  will  long  remain 
obscure,  I  can  entertain  no  doubt,  after 
the  most  deliberate  study  and  dispassion- 
ate judgment  of  which  I  am  capable,  that 
the  view  which  most  naturalists  until  re- 
cently entertained,  and  which  I  formerly 
entertained — namely,  that  each  species 
has  been  independently  created — is  erro- 
neous. I  am  fully  convinced  that  species 
are  not  immutable  ;  but  that  those  be- 
longing to  what  are  called  the  same  gen- 
era are  lineal  descendants  of  some  other 
and  generally  extinct  species,  in  the  same 
manner  as  the  acknowledged  varieties  of 
any  one  species  are  the  descendants  of 
that  species.  Furthermore,  I  am  con- 
vinced that  Natural  Selection  has  been 
the  most  important,  but  not  the  exclusive, 
means  of  modification. 


CHAPTER  I. 


VARIATION   UNDER  DOMESTICATION. 

Causes  of  Variability— Effects  of  Habit  and  the  use 
or  disuse  of  Parts— Correlated  Variation— In- 
heritance—Character  of  Domestic  Varieties- 
Difficulty  of  distinguishing  between  Varieties 
and  Species— Origin  of  Domestic  Varieties 
from  one  or  more  Species^Domestic  Pigeons, 
their  Differences  and  Origin— Principles  of 
Selection,  anciently  followed,  their  Effects — 
Methodical  and  Unconscious  Selection— Un- 
known Origin  of  our  Domestic  Productions — 
Circumstances  favorable  to  Man's  power  of 
Selection. 

Causes  of  Variability. 

10.  WHEN  we  compare  the  individuals 
of  the  same  variety  or  subvariety  of  our 
older  cultivated  plants  and  animals,  one 
of  the  first  points  which  strikes  us  is,  that 
they  generally  differ  more  from  each  other 
than  do  the  individuals  of  any  one  species 
or  variety  in  a  state  of  nature.     And  if  we 
reflect  on  the  vast  diversity  of  the  plants 
and  animals  which  have  been  cultivated, 
and  which  have  varied  during  all  ages 
under  the   most  different  climates  and 
treatment,   we  are    driven  to    conclude 
that  this  great  variability  is  due  to  our 
domestic  productions  having  been  raised 
under  conditions  of  life  not  so  uniform  as, 
and  somewhat  different   from,  those  to 
which  the  parent-species  had   been  ex- 
posed under  nature.     There  is,  also,  some 
probability  in  the  view  propounded  by 
Andrew  Knight,  that  this  variability  may 
be  partly  connected  with  excess  of  food. 
It  seems  clear  that  organic  beings  must 
be  exposed  during  several  generations  to 
new  conditions  to  cause  any  great  amount 
of  variation ;  and  that,  when  the  organiza- 
tion has  once  begun  to  vary,  it  generally 
continues  varying  for  many  generations. 
No  case  is  on  record  of  a  variable  organ- 
ism ceasing  to  vary  under  cultivation. 
Our    oldest    cultivated    plants,   such  as 
wheat,  still  yield  new  varieties  :  our  oldest 
domesticated  animals  are  still  capable  of 
rapid  improvement  or  modification. 

1 1.  As  far  as  I  am  able  to  judge,  after 
long  attending  to  the  subject,  the  condi- 
tions of  life  appear  to  act  in  two  ways,— di- 
rectly on  the  whole  organization  or  on  cer- 
tain parts  alone,  and  indirectly  by  affect- 
ing the  reproductive  system.   With  respect 
to  the  direct  action,  we  must  bear  in  mind 
that  in  every  case,  as  Professor  Weismann 
has  lately  insisted,  and  as  I  have  incident- 
ally shown   in   my  work   on   '  Variation 
under  Domestication,'  there  are  two  fact- 
ors :  namely,  the  nature  of  the  organism, 
and  the  nature  of  the  conditions.     The 
former  seems  to  be  much  the  more  im- 
portant ;    for    nearly    similar  variations 
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sometimes  arise  under,  as  far  as  we  can 
judge,  dissimilar  conditions  ;  and,  on  the 
other  hand,  dissimilar  variations  arise 
under  conditions  which  appear  to  be 
nearly  uniform.  The  effects  on  the  off- 
spring are  either  definite  or  indefinite. 
They-may  be  considered  as  definite  when 
all  or  nearly  all  the  offspring  of  individuals 
exposed  to  certain  conditions  during  sev- 
eral generations  are  modified  in  the  same 
manner.  It  is  extremely  difficult  to  come 
to  any  conclusion  in  regard  to  the  extent 
of  the  changes  which  have  been  thus  defi- 
nitely induced.  There  can,  however,  be 
little  doubt  about  many  slight  changes, — 
such  as  size  from  the  amount  of  food,  col- 
or from  the  nature  of  the  food,  thickness 
of  the  skin  and  hair  from  climate,  etc. 
Each  of  the  endless  variations  which  we 
see  in  the  plumage  of  our  fowls  must 
have  had  some  efficient  cause ;  and  if  the 
same  cause  were  to  act  uniformly  during 
a  long  series  of  generations  on  many  indi- 
viduals, all  probably  would  be  modified 
in  the  same  manner.  Such  facts  as  the 
complex  and  extraordinary  out-growths 
which  invariably  follow  from  the  insertion 
of  a  minute  drop  of  poison  by  a  gall-pro- 
ducing insect,  show  us  what  singular 
modifications  might  result  in  the  case  of 
plants  from  a  chemical  change  in  the  nat- 
ure of  the  sap. 

12.  Indefinite  variability  is  a  much  more 
common  result  of  changed  conditions 
than  definite  variability,  and  has  probably 
played  a  more  important  part,  in  the  for- 
mation of  our  domestic  races.  We  see 
indefinite  variability  in  the  endless  slight 
peculiarities  which  distinguish  the  individ- 
uals of  the  same  species,  and  which  can- 
not be  accounted  for  by  inheritance  from 
either  parent  or  from  some  more  remote 
ancestor.  Even  strongly-marked  differ- 
ences occasionally  appear  in  the  young  of 
the  same  litter,  and  in  seedlings  from  the 
same  seed-capsule.  At  long  intervals  of 
time,  out  of  millions  of  individuals  reared  in 
the  same  country  and  fed  on  nearly  the  same 
food,  deviations  of  structure  so  strongly 
pronounced  as  to  deserve  to  be  called  mon- 
strosities arise ;  but  monstrosities  cannot 
be  separated  by  any  distinct  line  from 
slighter  variations.  All  such  changes  of 
structure,  whether  extremely  slight  or 
strongly  marked,  which  appear  among 
many  individuals  living  together,  may  be 
considered  as  the  indefinite  effects  of  the 
conditions  of  life  on  each  individual  organ- 
ism, in  nearly  the  same  manner  as  a  chill 
affects  different  men  in  an  indefinite  man- 
ner, according  to  their  state  of  body  or 
constitution,  causing  coughs  or  colds, 


rheumatism,  or  inflammations  of  various 
organs. 

13.  With  respect  to  what  I  have  called 
the  indirect  action  of  changed  conditions, 
namely,  through  the  reproductive  system 
being  affected,  we  may  infer  that  variabil' 
ity  is  thus  induced,  partly  from  the  fact 
of  this  system  being  extremely  sensitive 
to  any  change  in  the  conditions,  and 
partly  from  the  similarity,  as  Kblreuter 
and  others  have  remarked,  between  the 
variability  which  follows  from  the  crossing 
of  distinct  species,  and  that  which  may  be 
observed  with  plants  and  animals  when 
reared  under  new  or  unnatural  conditions. 
Many  facts  clearly  show  how  eminently 
susceptible  the  reproductive  system  is  to 
very  slight  changes  in  the  surrounding 
conditions.  Nothing  is  more  easy  than 
to  tame  an  animal,  and  few  things  more 
difficult  than  to  get  it  to  breed  freely  under 
confinement,  even  when  the  male  and 
female  unite.  How  many  animals  there 
are  which  will  not  breed,  though  kept  in 
an  almost  free  state  in  their  native  coun- 
try! This  is  generally,  but  erroneously, 
attributed  to  vitiated  instincts.  Many 
cultivated  plants  display  the  utmost  vigor, 
and  yet  rarely  or  never  seed !  In  some 
few  cases  it  has  been  discovered  that  a 
very  trifling  change,  such  as  a  little  more 
or  less  water  at  some  particular  period  of 
growth,  will  determine  whether  or  not  a 
plant  will  produce  seeds.  I  cannot  here 
give  the  details  which  I  have  collected 
and  elsewhere  published  on  this  curious 
subject ;  but  to  show  how  singular  the 
laws  are  which  determine  the  reproduc- 
tion of  animals  under  confinement,  I  may 
mention  that  carnivorous  animals,  even 
from  the  tropics,  breed  in  this  country 
pretty  freely  under  confinement,  with  the 
exception  of  the  plantigrades  or  bear 
family,  which  seldom  produce  young; 
whereas  carnivorous  birds,  with  the  rarest 
exceptions,  hardly  ever  lay  fertile  eggs. 
Many  exotic  plants  have  pollen  utterly 
worthless,  in  the  same  condition  as  in  the 
most  sterile  hybrids.  When,  on  the  one 
hand,  we  see  domesticated  animals  and 
plants,  though  often  weak  and  sickly, 
breeding  freely  under  confinement ;  and 
when,  on  the  other  hand,  we  see  individ- 
uals, though  taken  young  from  a  state  of 
nature  perfectly  tamed,  long-lived  and 
healthy  (of  which  I  could  give  numerous 
instances),  yet  having  their  reproductive 
system  so  seriously  affected  by  unper- 
ceived  causes  as  to  fail  to  act,  we  need  not 
be  surprised  at  this  system,  when  it  does 
act  under  confinement,  acting  irregularly, 
and  producing  offspring  somewhat  unlike 
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their  parents.  I  may  add,  that  as  some 
organisms  breed  freely  under  the  most 
unnatural  conditions  (for  instance,  rab- 
bits and  ferrets  kept  in  hutches),  showing 
that  their  reproductive  organs  are  not 
easily  'affected ;  so  will  some  animals  and 
plants  withstand  domestication  or  culti- 
vation, and  vary  very  slightly — perhaps 
hardly  more  than  in  a  state  of  nature. 

14.  Some  naturalists  have  maintained 
that  all  variations  are  connected  with  the 
act  of  sexual  reproduction ;  but  this  is 
certainly  an  error;   for  I  have  given  in 
another  work  a  long  list  of  "sporting 
plants,"  as  they  are  called  by  gardeners  ; 
— that  is,  of  plants  which  have  suddenly 
produced  a  single  bud  with  a  new  and 
sometimes  widely  different  character  from 
that  of  the  other'buds  on  the  same  plant. 
These   bud  variations,   as  they  may   be 
named,  can  be  propagated  by  grafts,  off- 
sets, etc.,  and  sometimes  by  seed.     They 
occur  rarely  under  nature,  but  are  far  from 
rare  under  culture.     As  a  single  bud  out 
of  the  many  thousands,  produced  year 
after  year  on  the  same  tree  under  uniform 
conditions,  has  been  known  suddenly  to 
assume  a  new  character  ;  and  as  buds  on 
distinct   trees,   growing  under    different 
conditions,  have  sometimes  yielded  nearly 
the  same  variety — for  instance,  buds  on 
peach-trees    producing    nectarines,    and 
buds  on  common  roses  producing  moss- 
roses — we  clearly  see  that  the  nature  of 
the  conditions  is  of   subordinate   impor- 
tance in  comparison  with  the  nature  of 
the  organism  in  determining  each  partic- 
ular form  of  variation ; — perhaps  of  not 
more  importance  than  the  nature  of  the 
spark,  by  which  a  mass  of  combustible 
matter  is  ignited,  has  in  determining  the 
nature  of  the  flames. 

Effects  of  Habit  and  of  the  Use  or  Disuse 
of  Parts ;  Correlated  Variation;  In- 
heritance. 

15.  Changed  habits  produce  an  inherit- 
ed effect,  as  in  the  period  of  the  flower- 
ing of  plants  when  transported  from  one 
climate   to   another.     With   animals  the 
increased  use  or  disuse  of  parts  has  had 
a  more  marked  influence  ;  thus  I  find  in 
the  domestic  duck  that  the  bones  of  the 
wing  weigh  less  and  the  bones  of  the  leg 
more,  in  proportion  to  the  whole  skeleton, 
than  do  the  same  bones  in  the  wild-duck  ; 
and  this  change  may  be  safely  attributed 
to  the  domestic  duck  flying  much  less,  and 
walking  more,  than  its  wild  parents.     The 
great  and  inherited  development  of  the 
udders  in  cows  and   goats   in  countries 
where  they  are  habitually  milked,  in  com- 


parison with  these  organs  in  other  coun- 
tries, is  probably  another  instance  of  the 
effects  of  use.  Not  one  of  our  domestic 
animals  can  be  named  which  has  not  in 
some  country  drooping  ears ;  and  the 
view  which  has  been  suggested  that  the 
drooping  is  due  to  the  disuse  of  the  mus- 
cles of  the  ear,  from  the  animals  being 
seldom  much  alarmed,  seems  probable. 

1 6.  Many  laws  regulate  variation,  some 
few  of  which  can  be  dimly  seen,  and  will 
hereafter  be  briefly  discussed.  I  will  here 
only  allude  to  what  may  be  called  corre- 
lated variation.  Important  changes  in 
the  embryo  or  larva  will  probably  entail 
changes  in  the  mature  animal.  In  mon- 
strosities, the  correlations  between  quite 
distinct  parts  are  very  curious ;  and  many 
instances  are  given  in  Isidore  Geoffrey 
St.  Hilaire's  great  work  on  this  subject. 
Breeders  believe  that  long  limbs  are 
almost  always  accompanied  by  an  elon- 
gated head.  Some  instances  of  correla- 
tion are  quite  whimsical :  thus  cats  which 
are  entirely  white  and  have  blue  eyes  are 
generally  deaf;  but  it  has  been  lately 
stated  by  Mr.  Tait  that  this  is  confined 
to  the  males.  Color  and  constitutional 
peculiarities  go  together,  of  which  many 
remarkable  cases  could  be  given  among 
animals  and  plants.  From  facts  collected 
by  Heusinger,  it  appears  that  white  sheep 
and  pigs  are  injured  by  certain  plants, 
while  dark-colored  individuals  escape : 
Professor  Wyman  has  recently  communi- 
cated to  mp  a  good  illustration  of  this 
fact ;  on  asking  some  farmers  in  Virginia 
how  it  was  that  all  their  pigs  were  black, 
they  informed  him  that  the  pigs  ate  the 
paint-root  (Lachnanthes),  which  colored 
their  bones  pink,  and  which  caused  the 
hoofs  of  all  but  the  black  varieties  to  drop 
off;  and  one  of  the  "crackers  "  (i.e.,  Vir- 
ginia squatters)  added,  "we  select  the 
black  members  of  a  litter  for  raising,  as 
they  alone  have  a  good  chance  of  living." 
Hairless  dogs  have  imperfect  teeth :  long- 
haired and  coarse-haired  animals  are  apt 
to  have,  as  is  asserted,  long  or  many 
horns ;  pigeons  with  feathered  feet  have 
skin  between  their  outer  toes ;  pigeons 
with  short  beaks  have  small  feet,  and 
those  with  long  beaks  large  feet.  Hence  if 
man  goes  on  selecting,  and  thus  augment- 
ing, any  peculiarity,  he  will  almost  cer- 
tainly modify  unintentionally  other  parts 
of  the  structure,  owing  to  the  mysterious 
laws  of  correlation.  The  results  of  the 
various,  unknown,  or  but  dimly  under- 
stood laws  of  variation  are  infinitely  com- 
plex and  diversified.  It  is  well  worth 
while  carefully  to  study  the  several  trea- 
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tfses  on  some  of  our  old  cultivated  plants, 
as  on  the  hyacinth,  potato,  even  the  dah- 
lia, etc. ;  and  it  is  really  surprising  to  note 
the  endless  points  of  structure  and  con- 
stitution in  which  the  varieties  and  sub- 
varieties  differ  slightly  from  each  other. 
The  whole  organization  seems  to  have 
become  plastic,  and  departs  in  a  slight 
degree  from  that  of  the  parental  type. 

17.  Any  variation  which  is  not  inher- 
ited is  unimportant  for  us.     But  the  num- 
ber and  diversity  of  inheritable  deviations 
of  structure,   both   those   of  slight   and 
those  of  considerable  physiological  impor- 
tance, are  endless.     Dr.  Prosper  Lucas's 
treatise,  in  two  large  volumes,  is  the  full- 
est and  the   best  on   this  subject.     No 
breeder  doubts  how  strong  is  the  tend- 
ency to  inheritance ;  that   like  produces 
like  is  his   fundamental    belief:   doubts 
have  been  thrown  on  this  principle  only 
by  theoretical  writers.     When  any  devia- 
tion of  structure  often  appears,  and  we 
see  it  in  the  father  and  child,  we  cannot 
tell  whether  it  may  not  be  due  to  the  same 
cause  having  acted  on  both ;  but  when 
among   individuals,   apparently   exposed 
to  the  same  conditions,  any  very  rare  de- 
viation, due  to  some  extraordinary  com- 
bination of  circumstances,  appears  in  the 
parent — say,  once  among  several  million 
individuals — and  it  re-appears  in  the  child, 
the  mere  doctrine  of  chances  almost  com- 
pels us  to  attribute  its  re-appearance  to  in- 
heritance.    Every  one  must  have  heard 
of  cases  of  albinism,  prickly  skin,  hairy 
bodies,  etc.,  appearing  in  several  members 
of  the  same  family.     If  strange  and  rare 
deviations  of  structure  are  really  inher- 
ited, less  strange  and  commoner  devia- 
tions may  be  freely  admitted  to  b.  inher- 
itable.    Perhaps  the  correct  way  ^f  view- 
ing the  whole  subject  would  be,  to  look 
at    the    inheritance    of    every   character 
whatever  as  the  rule,  and  non-inheritance 
as  the  anomaly. 

1 8.  The    laws    governing    inheritance 
are  for  the  most  part  unknown.     No  one 
can  say  why  the  same  peculiarity  in  dif- 
ferent individuals  of  the  same  species,  or 
in  different  species,  is  sometimes  inher- 
ited   and    sometimes  not  so ;  why  the 
child  often  reverts  in  certain   characters 
to  its  grandfather    or    grandmother  or 
more  remote  ancestor ;  why  a  peculiarity 
is  often  transmitted  from  one  sex  to  both 
sexes,  or  to  one  sex  alone,   more  com- 
monly but  not  exclusively  to  the  like  sex. 
It  is  a  fact  of  some  importance  to  us,  that 
peculiarities  appearing  in  the  males  of 
our    domestic   breeds    are   often   trans- 
mitted,  either  exclusively  or  in  a  much 
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greater  degree,  to  the  males  alone.  A 
much  more  important  rule,  which  I  think 
may  be  trusted,  is  that,  at  whatever  pe- 
riod of  life  a  peculiarity  first  appears,  it 
tends  to  re-appear  in  the  offspring  at  a 
corresponding  age,  though  sometimes 
earlier.  In  many  cases  this  could  not  be 
otherwise  ;  thus  the  inherited  peculiarities 
in  the  horns  of  cattle  could  appear  only 
in  the  offspring  when  nearly  mature; 
peculiarities  in  the  silk-worm  are  known 
to  appear  at  the  corresponding  caterpil- 
lar or  cocoon  stage.  But  hereditary  dis- 
eases and  some  other  facts  make  me  be- 
lieve that  the  rule  has  a  wider  extension, 
and  that,  when  there  is  no  apparent  rea- 
son why  a  peculiarity  should  appear  at 
any  particular  age,  yet  that  it  does  tend 
to  appear  in  the  offspring  at  the  same 
period  at  which  it  first  appeared  in  the 
parent.  I  believe  this  rule  to  be  of  the 
highest  importance  in  explaining  the  laws 
of  embryology.  These  remarks  are  of 
course  confined  to  the  first  appearance  of 
the  peculiarity,  and  not  to  the  primary 
cause  which  may  have  acted  on  the  ovules 
or  on  the  male  element;  in  nearly  the 
same  manner  as  the  increased  length  of 
the  horns  in  the  offspring  from  a  short- 
horned  cow  by  a  long-horned  bull, 
though  appearing  late  in  life,  is  clearly 
due  to  the  male  element. 

19.  Having  alluded  to  the  subject  of 
reversion,  I  may  here  refer  to  a  state- 
ment often  made  by  naturalists — namely, 
that  our  domestic  varieties,  when  run 
wild,  gradually  but  invariably  revert  in 
character  to  their  aboriginal  stocks. 
Hence  it  has  been  argued  that  no  deduc- 
tions can  be  drawn  from  domestic  races 
to  species  in  a  state  of  nature.  I  have  in 
vain  endeavored  to  discover  on  what  de- 
cisive facts  the  above  statement  has  so 
often  and  so  boldly  been  made.  There 
would  be  great  difficulty  in  proving  its 
truth :  we  may  safely  conclude  that  very 
many  of  the  most  strongly  marked  do- 
mestic varieties  could  not  possibly  live  in 
a  wild  state.  In  many  cases  we  do  not 
know  what  the  aboriginal  stock  was,  and 
so  could  not  tell  whether  or  not  nearly 
perfect  reversion  had  ensued.  It  would 
be  necessary  in  order  to  prevent  the  ef- 
fects of  intercrossing,  that  only  a  single 
variety  should  have  been  turned  loose  in 
its  new  home.  Nevertheless,  as  our  va- 
rieties certainly  do  occasionally  revert  in 
some  of  their  characters  to  ancestral 
forms,  it  seems  to  me  not  improbable 
that  if  we  could  succeed  in  naturalizing, 
or  were  to  cultivate,  during  many  gener- 
ations, the  several  races,  for  instance,  of 
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the  cabbage,  in  very  poor  soil  (in  which 
case,  however,  some  effect  would  have 
to  be  attributed  to  the  definite  action  of 
the  poor  soil),  that  they  would,  to  a  large 
extent,  or  even  wholly,  revert  to  the  wild 
aboriginal  stock.  Whether  or  not  the 
experiment  would  succeed,  is  not  of  great 
importance  for  our  line  of  argument ;  for 
by  the  experiment  itself  the  conditions  of 
life  are  changed.  If  it  could  be  shown 
that  our  domestic  varieties  manifested  a 
strong  tendency  to  reversion, — that  is,  to 
lose  their  acquired  characters,  while  kept 
under  the  same  conditions,  and  while 
kept  in  a  considerable  body,  so  that  free 
intercrossing  might  check,  by  blending 
together,  any  slight  deviations  in  their 
structure,  in  such  case,  I  grant  that  we 
could  deduce  nothing  from  domestic  va- 
rieties in  regard  to  species.  But  there  is 
not  a  shadow  of  evidence  in  favor  of  this 
view :  to  assert  that  we  could  not  breed 
our  cart  and  race-horses,  long  and  short- 
horned  cattle,  and  poultry  of  various 
breeds,  and  esculent  vegetables,  for  an 
unlimited  number  of  generations,  would 
be  opposed  to  all  experience. 

Character  of  Domestic  Varieties:  diffi- 
culty of  distinguishing  between  Vari- 
eties and  Species  ;  origin  of  Domestic 
Varieties  from  one  or  more  Species. 

20.  When  we  look  to  the  hereditary 
varieties  or  races  of  our  domestic  animals 
and  plants,  and  compare  them  with 
closely  allied  species,  We  generally  per- 
ceive in  each  domestic  race,  as  already 
remarked,  less  uniformity  of  character 
than  in  true  species.  Domestic  races 
often  have  a  somewhat  monstrous  char- 
acter ;  by  which  I  mean,  that,  although 
differing  from  each  other,  and  from  other 
species  of  the  same  genus,  in  several  tri- 
fling respects,  they  often  differ  in  an  ex- 
treme degree  in  some  one  part,  both 
when  compared  one  with  another,  and 
more  especially  when  compared  with  the 
species  under  nature  to  which  they  are 
nearest  allied.  With  these  exceptions 
(and  with  that  of  the  perfect  fertility  of 
varieties  when  crossed, — a  subject  here- 
after to  be  discussed),  domestic  races  of 
the  same  species  differ  from  each  other 
in  the  same  manner  as  do  the  closely- 
allied  species  of  the  same  genus  in  a 
state  of  nature,  but  the  differences  in 
most  cases  are  less  in  degree.  This 
must  be  admitted  as  true,  for  the  domes- 
tic races  of  many  animals  and  plants 
have  been  ranked  by  some  competent 
judges  as  the  descendants  of  aboriginally 
distinct  species,  ,-)  IK)  by  other  competent 


judges  as  mere  varieties.  If  any  well 
marked  distinction  existed  between  a 
domestic  race  and  a  species,  this  source 
of  doubt  would  not  so  perpetually  recur. 
It  has  often  been  stated  that  domestic 
races  do  not  differ  from  each  other  in 
characters  of  generic  value.  It  can  be 
shown  that  this  statement  is  not  correct ; 
but  naturalists  differ  much  in  determin- 
ing what  characters  are  of  generic  value ; 
all  such  valuations  being  at  present  em- 
pirical. When  it  is  explained  how  genera 
originate  under  nature,  it  will  be  seen 
that  we  have  no  right  to  expect  often  to 
find  a  generic  amount  of  difference  in  oui 
domesticated  races. 

21.  In    attempting    to    estimate      the 
amount  of  structural  difference  between 
allied  domestic  races,  we  are  soon  in- 
volved   in    doubt,    from     not    knowing 
whether  they  are  descended  from  one  or 
several  parent  species.     This  point,  if  it 
could  be  cleared  up,  would  be  interest- 
ing ;  if,  for  instance,  it  could  be  shown 
that  the  greyhound,  bloodhound,  terrier, 
spaniel,  and  bull-dog,  which  we  all  know 
propagate  their  kind  truly,  were  the  off- 
spring of  any  single  species,  then  such 
facts  would  have  great  weight  in  making 
us  doubt  about  the  immutability  of  the 
many  closely  allied  natural  species — for 
instance,  of  the   many  foxes — inhabiting 
different  quarters  of  the  world.     I  do  not 
believe,  as  we   shall  presently  see,   that 
the  whole  amount  of  difference  between 
the  several  breeds  of  the  dog  has  been 
produced  under  domestication  ;  I  believe 
that  a  small  part  of  the  difference  is  due 
to  their  being  descended   from  distinct 
species.     In  the  case  of  strongly  marked 
races  of  some  other  domesticated  species, 
there  is  presumptive  or  even  strong  evi- 
dence, that  all  are  descended  from  a  sin- 
gle wild  stock. 

22.  It  has  often  been  assumed  that  man 
has  chosen  for  domestication  animals  and 
plants  having  an  extraordinary  inherent 
tendency  to  vary,  and   likewise  to  with- 
stand diverse  climates.     I  do  not  dispute 
that  these  capacities  have  added  largely 
to  the  value  of  most  of  our  domesticated 
productions ;   but    how  could    a  savage 
possibly  know,  when  he  first  tamed  an 
animal,  whether  it  would  vary  in  succeed- 
ing generations,  and  whether  it  would  en- 
dure other  climates  ?     Has  the  little  va- 
riability of  the  ass  and  goose,  or  the  small 
power  of  endurance  of  warmth  by  the 
reindeer,  or  of  cold  by  the  common  cam- 
el, prevented  their  domestication  ?     I  can- 
not doubt  that  if  other  animals  and  plants, 
equal  in  number  to  our  Domesticated  pro? 
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ductions,  and  belonging  to  equally  diverse 
classes  and  countries,  were  taken  from  a 
state  of  nature,  and  could  be  made  to 
breed  for  an  equal  number  of  generations 
under  domestication,  they  would  on  an 
average  vary  as  largely  as  the  parent  spe- 
cies of  our  existing  domesticated  produc- 
tions have  varied. 

23.  In  the  case  of  most  of  our  anciently 
domesticated  animals  and  plants,  it  is  not 
possible  to  come  to  any  definite  conclu- 
sion, whether  they  are  descended  from 
one  or  several  wild  species.     The  argu- 
ment mainly  relied  on  by  those  who  be- 
lieve in  the  multiple  origin  of  our  domes- 
tic animals  is,  that  we  find  in  the  most 
ancient    times,  on    the  monuments    of 
Egypt,   and  in  the   lake-habitations    of 
Switzerland,  much  diversity  in  the  breeds  ; 
and  that  some  of  these  ancient  breeds 
closely  resemble,  or  are  even  identical 
with,  those  still  existing.     But  this  only 
throws  far  backward  the  history  of  civil- 
ization, and  shows  that  animals  were  do- 
mesticated at  a  much  earlier  period  than 
has  hitherto  been  supposed.     The  lake- 
inhabitants  of  Switzerland  cultivated  sev- 
eral kinds  of  wheat  and  barley,  the  pea, 
the  poppy  for  oil,  and   flax ;  and  they 
possessed  several  domesticated  animals, 
They  also  carried  on  commerce  with  other 
nations.     All  this  clearly  shows,  as  Heer 
has  remarked,  that  they  had  at  this  early 
age  progressed  considerably  in  civiliza- 
tion ;     and   this   again    implies    a  long 
continued    previous  period  of    less   ad- 
vanced  civilization,    during    which     the 
domesticated  animals,  kept  by  different 
tribes  in  different  districts,  might  have 
varied  and  given  rise  to  distinct  races. 
Since  the  discovery  of  flint  tools  in  the 
superficial  formations  of  many  parts  of 
the  world,  all  geologists  believe  that  bar- 
barian man  existed  at  an  enormously  re- 
mote period;  and  we  know  that  at  the 
present  day  there  is  hardly  a  tribe  so  bar- 
barous, as  not  to  have   domesticated  at 
least  the  dog. 

24.  The  origin  of  most  of  our  domestic 
animals    will    probably  forever    remain 
vague.     But  I  may  here  state,  that,  look- 
ing to  the  domestic  dogs  of  the  whole 
world,  I  have,  after  a  laborious  collection 
of  all  known  facts,  come  to  the  conclu- 
sion that  several  wild  species  of  Canidae 
have  been  tamed,  and  that  their  blood, 
in  some  cases  mingled  together,  flows  in 
the  veins  of  our  domestic  breeds.     In  re- 
gard to  sheep  and  goats  I  can  form  no 
decided  opinion.     From  facts  communi- 
cated to  me  by  Mr.  Blyth,  on  the  habits, 
voice,  constitution,  and  structure  of  the 


humped  Indian  cattle,  it  is  almost  certain 
that  they  are  descended  from  a  different 
aboriginal  stock  from  our  European  cat- 
tle ;  and  some  competent  judges  believe 
that  these  latter  have  had  two  or  th'ree 
wild  progenitors, — whether  or  not  these 
deserve  to  be  called  species.  This  con- 
clusion, as  well  as  that  of  the  specific  dis- 
tinction between  the  humped  and  common 
cattle,  may,  indeed,  be  looked  upon  as 
established  by  the  admirable  researches 
of  Professor  Riitimeyer.  With  respect 
to  horses,  from  reasons  which  I  cannot 
here  give,  I  am  doubtfully  inclined  to  be- 
lieve, in  opposition  to  several  authors,  that 
all  the  races  belong  to  the  same  species. 
Having  kept  nearly  all  the  English  breeds 
of  the  fowl  alive,  having  bred  and  crossed 
them,  and  examined  their  skeletons,  it  ap- 
pears to  me  almost  certain  that  all  are  the 
descendants  of  the  wild  Indian  fowl,  Gal- 
lus  bankiva ;  and  this  is  the  conclusion  of 
Mr.  Blyth,  and  of  others  who  have  stud- 
ied this  bird  in  India.  In  regard  to  ducks 
and  rabbits,  some  breeds  of  which  differ 
much  from  each  other,  the  evidence  is 
clear  that  they  are  all  descended  from 
the  common  wild  duck  and  rabbit. 

25.  The  doctrine  of  the  origin  of  our 
several  domestic  races  from  several  abo- 
riginal stocks,  has  been  carried  to  an  ab- 
surd extreme  by  some  authors.  They 
believe  that  every  race  which  breeds  true, 
let  the  distinctive  characters  be  ever  so 
slight,  has  had  its  wild  prototype.  At 
this  rate  there  must  have  existed  at  least 
a  score  of  species  of  wild  cattle,  as  many 
sheep,  and  several  goats,  in  Europe  alone, 
and  several  even  within  Great  Britain. 
One  author  believes  that  there  formerly 
existed  eleven  wild  species  of  sheep  pe- 
culiar to  Great  Britain !  When  we  bear 
in  mind  that  Britain  has  now  not  one  pe- 
culiar mammal,  and  France  but  few  dis- 
tinct from  those  of  Germany,  and  so  with 
Hungary,  Spain,  etc.,  but  that  each  of 
these  kingdoms  possesses  several  peculiar 
breeds  of  cattle,  sheep,  etc.,  we  must  ad- 
mit that  many  domestic  breeds  must 
have  originated  in  Europe ;  for  whence 
otherwise  could  they  have  been  derived  ? 
So  it  is  in  India.  Even  in  the  case  of 
the  breeds  of  the  domestic  dog  through- 
out the  world,  which  I  admit  are  de- 
scended from  several  wild  species,  it  can- 
not be  doubted  that  there  has  been  an 
immense  amount  of  inherited  variation ; 
for  who  will  believe  that  animals  closely 
resembling  the  Italian  greyhound,  the 
bloodhound,  the  bull-dog,  pug-dog,  or 
Blenheim  spaniel,  etc. — so  unlike  all 
wild  Canidae — ever  existed  in  a  state  of 
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nature  ?  It  has  often  been  loosely  said 
that  all  our  races  of  dogs  have  been  pro- 
duced by  the  crossing  of  a  few  aboriginal 
species  ;  but  by  crossing  we  can  only  get 
forms  in  some  degree  intermediate  be- 
tween their  parents ;  and  if  we  account 
for  our  several  domestic  races  by  this  proc- 
ess, we  must  admit  the  former  existence 
of  the  most  extreme  forms,  as  the  Italian 
greyhound,  bloodhound,  bull-dog,  etc.,  in 
the  wild  state.  Moreover,  the  possibility 
of  making  distinct  races  by  crossing  has 
been  greatly  exaggerated.  Many  cases 
are  on  record,  showing  that  a  race  may 
be  modified  by  occasional  crosses,  if  aided 
by  the  careful  selection  of  the  individuals 
which  present  the  desired  character ;  but 
to  obtain  a  race  intermediate  between 
two  quite  distinct  races,  would  be  very 
difficult.  Sir  J.  Seabright  expressly  ex- 
perimented with  this  object  and  failed. 
The  offspring  from  the  first  cross  be- 
tween two  pure  breeds  is  tolerably  and 
sometimes  (as  I  have  found  with  pigeons) 
quite  uniform  in  character,  and  every- 
thing seems  simple  enough ;  but  when 
these  mongrels  are  crossed  one  with  an- 
other for  several  generations,  hardly  two 
of  them  are  alike,  and  then  the  difficulty 
of  the  task  becomes  manifest. 


Breeds 


their 


of  the  Domestic  Pigeon, 
Differences  and  Origin. 

26.  Believing  that  it  is  always  best  to 
study  some  special  group,  I  have,  after 
deliberation,  taken  up  domestic  pig- 
eons. I  have  kept  every  breed  which 
I  could  purchase  or  obtain,  and  have  been 
most  kindly  favored  with  skins  from  sev- 
eral quarters  of  the  world,  more  especially 
by  the  Hon.  W.  Elliot  from  India,  and  by 
the  Hon.  C.  Murray  from  Persia.  Many 
treatises  in  different  languages  have  been 
published  on  pigeons,  and  some  of  them 
are  very  important,  as  being  of  consider- 
able antiquity.  I  have  associated  with 
several  eminent  fanciers,  and  have  been 
permitted  to  join  two  of  the  London 
Pigeon  Clubs.  The  diversity  of  the 
breeds  is  something  astonishing.  Com- 
pare the  English  carrier  and  the  short- 
faced  tumbler,  and  see  the  wonderful  dif- 
ference in  their  beaks,  entailing  corre- 
sponding differences  in  their  skulls.  The 
carrier,  more  especially  the  male  bird,  is 
also  remarkable  from  the  wonderful  de- 
velopment of  the  carunculated  skin  about 
the  head ;  and  this  is  accompanied  by 
greatly  elongated  eyelids,  very  large  ex- 
ternal orifices  to  the  nostrils,  and  a  wide 
gape  of  mouth.  The  short-faced  tumbler 
has  a  beak  in  outline  almost  like  that  oi 


i  finch ;  and  the  common  tumbler  has  the 
ingular  inherited  habit  of  flying  at  a 
jreat  height  in  a  compact  flock,  and  tum- 
bling in  the  air  head  over  heels.  The 
unt  is  a  bird  of  great  size,  with  long 
massive  beak  and  large  feet ;  some  of  the 
sub-breeds  of  runts  have  very  long  necks, 
others  very  long  wings  and  tails,  others 
singularly  short  tails.  The  barb  is  allied 
:o  the  carrier,  but,  instead  of  a  long  beak, 
mas  a  very  short  and  broad  one.  The 
pouter  has  a  much  elongated  body,  wings, 
and  legs  ;  and  its  enormously  developed 
rop,  which  it  glories  in  inflating,  may 
well  excite  astonishment  and  even  laugh- 
ter. The  turbit  has  a  short  and  conical 
beak,  with  a  line  of  reversed  feathers 
down  the  breast ;  and  it  has  the  habit  of 
continually  expanding,  slightly,  the  upper 
part  of  the  oesophagus.  The  Jacobin  has 
the  feathers  so  much  reversed  along  the 
back  of  the  neck  that  they  form  a  hood ; 
and  it  has,  proportionally  to  its  size, 
elongated  wing  and  tail  feathers.  The 
trumpeter  and  laugher,  as  their  names 
express,  utter  a  very  different  coo  from 
the  other  breeds.  The  fantail  has  thirty 
or  even  forty  tail-feathers,  instead  of 
twelve  or  fourteen — the  normal  number 
in  all  the  members  of  the  great  pigeon 
family  :  these  feathers  are  kept  expanded, 
and  are  carried  so  erect,  that  in  good 
birds  the  head  and  tail  touch  ;  the  oil- 
gland  is  quite  aborted.  Several  other 
less  distinct  breeds  might|be  specified. 

27.  In  the  skeletons  of  the  several 
breeds,  the  development  of  the  bones  of 
the  face  in  length  and  breadth  and  curva- 
ture differs  enormously.  The  shape,  as 
well  as  the  breadth  and  length  of  the  ra- 
mus  of  the  lower  jaw,  varies  in  a  highly 
remarkable  manner.  The  caudal  and 
sacral  vertebras  vary  in  number ;  as  does 
the  number  of  the  ribs,  together  with  their 
relative  breadth  and  the  presence  of  proc- 
esses. The  size  and  shape  of  the  aper- 
tures in  the  sternum  are  highly  variable ; 
so  is  the  degree  of  divergence  and  relative 
size  of  the  two  arms  of  the  furcula.  The 
proportional  width  of  the  gape  of  mouth, 
the  proportional  length  of  the  eyelids,  of 
the  orifice  of  the  nostrils,  of  the  tongue 
(not  always  in  strict  correlation  with  the 
length  of  beak),  the  size  of  the  crop  and 
of  the  upper  part  of  the  oesophagus  ;  the 
development  and  abortion  of  the  oil- 
gland  ;  the  number  of  the  primary  wing 
and  caudal  feathers;  the  relative  length 
of  the  wing  and  tail  to  each  other  and  to 
the  body ;  the  relative  length  of  the  leg 
and  foot ;  the  number  of  scutellas  on  the 
toes,  the  development  of  skin  between 
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the  toes,  are  all  points  of  structure  which 
are  variable.  The  period  at  which  the 
perfect  plumage  is  acquired  varies,  as  does 
the  state  of  the  down  with  which  the 
nestling  birds  are  clothed  when  hatched. 
The  shape  and  size  of  the  eggs  vary. 
The  manner  of  flight,  and  in  some  breeds 
the  voice  and  disposition,  differ  remark- 
ably. Lastly,  in  certain  breeds,  the 
males  and  females  have  come  to  differ  in 
a  slight  degree  from  each  other. 

28.  Altogether  at  least  a  score  of  pig- 
eons might  be  chosen,  which,  if  shown  to 
an  ornithologist,  and  he  were   told   that 
they  were  wild  birds,  would  certainly  be 
ranked  by  him  as  well-defined  species. 
Moreover,  I  do  not  believe  that  any  orni- 
thologist would  in  this  case  place  the  Eng- 
lish carrier,  the  short-faced  tumbler,  the 
runt,  the  barb,  pouter,  and  fantail  in  the 
same  genus ;  more  especially  as  in  each 
of  these    breeds  several   truly-inherited 
sub-breeds,  or  species,  as  he  would  call 
them,  could  be  shown  him. 

29.  Great  as  are  the  differences  between 
the  breeds  of  the  pigeon,  I  am  fully  con- 
vinced that  the  common  opinion  of  natu- 
ralists is  correct,  namely,  that  all  are  de- 
scended from  the  rock-pigeon  (Columba 
livia)  including  under  this  term  several 
geographical  races  or  sub-species,  which 
differ  from  each   other  in  the  most  tri- 
fling respects.     As  several  of  the  reasons 
which  have  led  me  to  this  belief  are  in 
some  degree  applicable  in  other  cases,  I 
will  here  briefly  give  them.     If  the  sev- 
eral breeds  are  not  varieties,  and   have 
not  proceeded  from  the  rock-pigeon,  they 
must  have  descended  from  at  least  seven 
or  eight  aboriginal  stocks ;  for  it  is  im- 
possible to  make  the  present  domestic 
breeds  by  the  crossing  of  any  lesser  num- 
ber :  how,  for  instance,  could  a  pouter  be 
produced  by  crossing  two  breeds  unless 
one  of  the  parent-stocks   possessed  the 
characteristic  enormous  crop  ?     The  sup- 
posed aboriginal    stocks  must  all   have 
been  rock-pigeons,  that  is,  they  did  not 
breed  or  willingly  perch  on  trees.     But 
besides  C.  livia,  with  its  geographical  sub- 
species, only  two  or  three  other  species 
of  rock-pigeons   are  known ;    and  these 
have  not  any  of  the  characters  of  the  do- 
mestic breeds.     Hence  the  supposed  ab- 
original stocks  must  either  still  exist  in  the 
countries  where  they  were  originally  do- 
mesticated, and  yet  be  unknown  to  orni- 
thologists ;     and   this,  considering  their 
size,  habits,   and  remarkable  characters, 
seems  improbable ;    or  they  must  have 
become  extinct  in  the  wild  state.     But 
birds  breeding  on  precipices,  and  good 


fliers,  are  unlikely  to  be  exterminated, 
and  the  common  rock-pigeon,  which  has 
the  same  habits  with  the  domestic  breeds, 
has  not  been  exterminated  even  on  sev- 
eral of  the  smaller  British  islets,  or  on 
the  shores  of  the  Mediterranean.  Hence 
the  supposed  extermination  of  so  many 
species  having  similar  habits  with  the 
rock-pigeon  seems  a  very  rash  assump- 
tion. Moreover,  the  several  above  named 
domesticated  breeds  have  been  trans- 
ported to  all  parts  of  the  world,  and, 
therefore,  some  of  them  must  have  been 
carried  back  again  into  their  native 
country ;  but  not  one  has  become  wild  or 
feral,  though  the  dovecot-pigeon,  which 
is  the  rock-pigeon  in  a  very  slightly 
altered  state,  has  become  feral  in  several 
places.  Again,  all  recent  experience 
shows  that  it  is  difficult  to  get  wild  ani  - 
mals  to  breed  freely  under  domestication  ; 
yet,  on  the  hypothesis  of  the  multiple  or- 
igin of  our  pigeons,  it  must  be  assumed 
that  at  least  seven  or  eight  species  wen; 
so  thoroughly  domesticated  in  ancien'. 
times  by  half-civilized  man,  as  to  be  quite, 
prolific  under  confinement. 

30.  An  argument  of  great  weight,  and 
applicable  in  several  other  cases,  is,  that 
the  above-specified  breeds,  though  agree- 
ing generally  with  the  wild  rock-pigeon 
in  constitution,  habits,  voice,  coloring,  and 
in  most  parts  of  their  structure,  yet  are 
certainly  highly  abnormal  in  other  parts  ; 
we  may  look  in  vain  through  the  whole 
great   family  of  Columbidag   for  a  beak 
like  that  of  the  English  carrier,  or  that 
of  the  short-faced  tumbler,  or  barb  ;  for 
reversed  feathers  like  those  of  the  Jaco- 
bin ;  for  a  crop  like  that  of  the  pouter ; 
for  tail-feathers  like  those  of  the  fantail. 
Hence  it  must  be  assumed  not  only  that 
half-civilized    man    succeeded    in    thor- 
oughly domesticating  several  species,  but 
that  he  intentionally  or  by  chance  picked 
out    extraordinarily  abnormal     species  ; 
and  further,  that  these  very  species  have 
since  all  become  extinct  or  unknown.     So 
many  strange  contingencies  are  improb- 
able in  the  highest  degree. 

31.  Some  facts  in  regard  to  the  color- 
ing of  pigeons  well  deserve  consideration. 
The  rock-pigeon  is  of  a  slaty-blue,  with 
white  loins ;  but  the  Indian  sub-species, 
C.  intermedia  of  Strickland,  has  this  part 
bluish.     The  tail  has  a  terminal  dark  bar, 
with  the  outer  feathers  externally  edged 
at  the  base  with  white.     The  wings  have 
two   black    bars.     Some    semi-domestic 
breeds,  and  some  truly  wild  breeds,  have, 
besides   the   two  black   bars,  the  wings 
checkered  with    black.     These    several 
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marks  do  not  occur  together  in  any  other 
species  of  the  whole  family.  Now,  in 
every  one  of  the  domestic  breeds,  taking 
thoroughly  well-bred  birds,  all  the  above 
marks,  even  to  the  white  edging  of  the 
outer  tail-feathers,  sometimes  concur  per- 
fectly developed.  Moreover,  when  birds 
belonging  to  two  or  more  distinct  breeds 
are  crossed,  none  of  which  are  blue  or 
have  any  of  the  above-specified  marks, 
the  mongrel  offspring  are  very  apt  sud- 
denly to  acquire  these  characters.  To 
give  one  instance  out  of  several  which  I 
have  observed: — I  crossed  some  white 
rantails,  which  breed  very  true,  with  some 
black  barbs — and  it  so  happens  that  blue 
varieties  of  barbs  are  so  rare  that  I  never 
heard  of  an  instance  in  England ;  and 
the  mongrels  were  black,  brown,  and 
mottled.  I  also  crossed  a  barb  with  a 
spot,  which  is  a  white  bird  with  a  red  tail 
and  red  spot  on  the  forehead,  and  which 
notoriously  breeds  very  true ;  the  mon- 
grels were  dusky  and  mottled.  I  then 
crossed  one  of  the  mongrel  barb-fantails 
with  a  mongrel  barb-spot,  and  they  pro- 
duced a  bird  of  as  beautiful  a  blue  color, 
with  the  white  loins,  double  black  wing- 
bar,  and  barred  and  white-edged  tail- 
feathers,  as  any  wild  rock-pigeon  !  We 
can  understand  these  facts,  on  the  well- 
known  principle  of  reversion  to  ancestral 
characters,  if  all  the  domestic  breeds  are 
descended  from  the  rock-pigeon.  But  if 
we  deny  this,  we  must  make  one  of  the 
two  following  highly  improbable  supposi- 
tions. Either,  first,  that  all  the  several 
imagined  aboriginal  stocks  were  colored 
and  marked  like  the  rock-pigeon,  although 
no  other  existing  species  is  thus  colored 
and  marked,  so  that  in  each  separate 
breed  there  might  be  a  tendency  to  revert 
to  the  very  same  colors  and  markings. 
Or,  secondly,  that  each  breed,  even  the 
purest,  has  within  a  dozen,  or  at  most 
within  a  score,  of  generations,  been 
crossed  by  the  rock-pigeon  :  I  say  within 
a  dozen  or  twenty  generations,  for  no  in- 
stance is  known  of  crossed  descendants 
reverting  to  an  ancestor  of  foreign  blood, 
removed  by  a  greater  number  of  genera- 
tions. In  a  breed  which  has  been  crossed 
only  once,  the  tendency  to  revert  to  any 
character  derived  from  such  a  cross  will 
naturally  become  less  and  less,  as  in  each 
succeeding  generation  there  will  be  less 
of  the  foreign  blood  ;  but  when  there  has 
been  no  cross,  and  there  is  a  tendency  in 
the  breed  to  revert  to  a  character  which 
was  lost  during  some  former  generation, 
this  tendency,  for  all  that  we  can  see  to 
the  contrary,  niav  be  transmitted  undi- 


minished  for  an  indefinite  number  of  gener- 
ations. These  two  distinct  cases  of  re- 
version are  often  confounded  together  by 
those  who  have  written  on  inheritance. 

32.  Lastly,   the  hybrids   or  mongrels 
from  between  all  the  breeds  of  the  pigeon 
are  perfectly  fertile,  as  I  can  state  from 
my  own    observations,  purposely  made, 
on  the  most  distinct  breeds.     Now,  hardly 
any  cases  have   been  ascertained   with 
certainty  of  hybrids  from  two  quite  dis- 
tinct species  of  animals  being  perfectly 
fertile.     Some  authors  believe  that  long- 
continued  domestication   eliminates  this 
strong  tendency  to  sterility  in   species. 
From  the  history  of  the  dog,  and  of  some 
other  domestic  animals,  this  conclusion 
is  probably  quite  correct,   if   applied   to 
species   closely  related    to    each   other. 
But  to  extend  it  so  far  as  to  suppose  that 
species,  aboriginally  as   distinct  as  car- 
riers, tumblers,  pouters,  and  fantails  now 
are,  should   yield  offspring  perfectly  fer- 
tile inter  se,  would  be  rash  in  the  extreme. 

33.  From  these  several  reasons,  name- 
ly,— the  improbability  of  man  having  for- 
merly made   seven    or  eight   supposed 
species  of  pigeons  to  breed  freely  under 
domestication  ; — these   supposed  species 
being  quite  unknown  in  a  wild  state,  and 
their  not  having  become  anywhere  feral ; 
— these  species  presenting  certain  very 
abnormal  characters,  as  compared  with 
all  other  Columbidas,  though  so  like  the 
rock-pigeon  in   most  respects; — the  oc- 
casional re-appearance  of  the  blue  color 
and  various  black  marks  in  all  the  breeds, 
both  when  kept  pure  and  when  crossed  ; 
— and  lastly,  the  mongrel  offspring  be- 
ing perfectly  fertile ;— from  these  several 
reasons,  taken  together,  we  may  safely 
conclude  that  all  our  domestic  breeds  are 
descended  from  the  rock-pigeon  or  Col- 
umba    livia    with   its  geographical  sub- 
species. 

34.  In  favor  of  this  view,  I  may  add, 
firstly,  that  the  wild   C.  livia  has  been 
found  capable  of  domestication   in  Eu- 
rope and  in  India ;  and  that  it  agrees  in 
habits  and  in  a  great  number  of  points  of 
structure   with  all  the  domestic  breeds. 
Secondly,  that,  although  an  English  car- 
rier or  a  short-faced  tumbler  differs  im- 
mensely in  certain  characters   from  the 
rock-pigeon,  yet  that,  by  comparing  the 
several  sub-breeds  of  these  two  races, 
more  especially  those  brought  from  dis- 
tant countries,  we  can  make,   between 
them  and  the  rock-pigeon,  an  almost  per- 
fect series ;   so  we  can   in  some  other 
cases,     but  not    with    all    the    breeds. 
Thirdly,     those    characters     which    are 
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mainly  distinctive  of  each  breed  are  in 
each  eminently  variable,  for  instance  the 
wattle  and  length  of  beak  of  the  carrier, 
the  shortness  of  that  of  the  tumbler,  and 
the  number  of  tail-feathers  in  the  fantail ; 
and  the  explanation  of  this  fact  will  be 
obvious  when  we  treat  of  Selection. 
Fourthly,  pigeons  have  been  watched  and 
tended  with  the  utmost  care,  and  loved, 
by  many  people.  They  have  been  do- 
mesticated for  thousands  of  years  in  sev- 
eral quarters  of  the  world  ;  the  earliest 
known  record  of  pigeons  is  in  the  fifth 
Egyptian  dynasty,  about  3000  B.C.,  as 
was  pointed  out  to  me  by  Professor  Lep- 
sius ;  but  Mr.  Birch  informs  me  that  pig- 
eons are  given  in  a  bill  of  fare  in  the  pre- 
vious dynasty.  In  the  time  of  the  Ro- 
mans, as  we  hear  from  Pliny,  immense 
prices  were  given  for  pigeons  ;  "  nay,  they 
are  come  to  this  pass,  that  they  can 
reckon  up  their  pedigree  and  race."  Pig- 
eons were  much  valued  by  Akber  Khan 
in  India,  about  the  year  1600  ;  never  less 
than  20,000  pigeons  were  taken  with  the 
court.  "  The  monarchs  of  Iran  and  Tu- 
ran  sent  him  some  very  rare  birds  ;  "  and, 
continues  the  courtly  historian,  "  His 
Majesty  by  crossing  the  breeds,  which 
method  was  never  practiced  before,  has 
improved  them  astonishingly."  About 
this  same  period  the  Dutch  were  as  eager 
about  pigeons  as  were  the  old  Romans. 
The  paramount  importance  of  these  con- 
siderations in  explaining  the  immense 
amount  of  variation  which  pigeons  have 
undergone,  will  likewise  be  obvious  when 
we  treat  of  Selection.  We  shall  then, 
also,  see  how  it  is  that  the  several  breeds 
so  often  have  a  somewhat  monstrous 
character.  It  is  also  a  most  favorable 
circumstance  for  the  production  of  dis- 
tinct breeds,  that  male  and  female  pig- 
eons can  be  easily  mated  for  life ;  and 
thus  different  breeds  can  be  kept  together 
in  the  same  aviary. 

35.  I  have  discussed  the  probable  origin 
of  domestic  pigeons  at  some,  yet  quite 
insufficient,  length ;  because  when  I  first 
kept  pigeons  and  watched  the  several 
kinds,  well  knowing  how  truly  they  breed, 
I  felt  fully  as  much  difficulty  in  believing 
that  since  they  had  been  domesticated 
they  had  all  proceeded  from  a  common 
parent,  as  any  naturalist  could  in  coming 
to  a  similar  conclusion  in  regard  to  the 
many  species  of  finches,  or  other  groups 
of  birds,  in  nature.  One  circumstance 
has  struck  me  much — namely,  that  nearly 
all  the  breeders  of  the  various  domestic 
animals  and  the  cultivators  of  plants,  with 
whom  I  have  conversed,  or  whose  trea- 


tises I  have  read,  are  firmly  convinced 
that  the  several  breeds  to  which  each  has 
attended,  are  descended  from  so  many 
aboriginally  distinct  species.  Ask,  as  I 
have  asked,  a  celebrated  raiser  of  Here- 
ford cattle,  whether  his  cattle  might  not 
have  descended  from  Long-horns,  or  both 
from  a  common  parent-stock,  and  he  will 
laugh  you  to  scorn.  I  have  never  met  a 
pigeon,  or  poultry,  or  duck,  or  rabbit 
fancier,  who  was  not  fully  convinced  that 
each  main  breed  was  descended  from  a 
distinct  species.  Van  Mons,  in  his  treatise 
on  pears  and  apples,  shows  how  utterly 
he  disbelieves  that  the  several  sorts,  for 
instance  a  Ribston-pippin  or  Codlin- 
apple,  could  ever  have  proceeded  from 
the  seeds  of  the  same  tree.  Innumerable 
other  examples  could  be  given.  The 
explanation,  I  think,  is  simple  :  from  long- 
continued  study  they  are  strongly  im- 
pressed with  the  differences  between  the 
several  races ;  and  though  they  well 
know  that  each  race  varies  slightly,  for 
they  win  their  prizes  by  selecting  such 
slight  differences,  yet  they  ignore  all 
general  arguments,  and  refuse  to  sum  up 
in  their  minds  slight  differences  accumu- 
lated during  many  successive  generations. 
May  not  those  naturalists  who,  knowing 
far  less  of  the  laws' of  inheritance  than 
does  the  breeder,  and  knowing  no  more 
than  he  does  of  the  intermediate  links 
in  the  long  lines  of  descent,  yet  admit 
that  many  of  our  domestic  races  are 
descended  from  the  same  parents — may 
they  not  learn  a  lesson  of  caution,  when 
they  deride  the  idea  of  species  in  a  state 
of  nature  being  lineal  descendants  of 
other  species  ? 

Principles  of  Selection  anciently  followed, 
and  their  Effects. 

36.  Let  us  now  briefly  consider  the 
steps  by  which  domestic  races  have  been 
produced,  either  from  one  or  from 
several  allied  species.  Some  effect  may 
be  attributed  to  the  direct  and  definite 
action  of  the  external  conditions  of  life, 
and  some  to  habit ;  but  he  would  be  a 
bold  man  who  would  account  by  such 
agencies  for  the  differences  between  a 
dray  and  race  horse,  a  greyhound  and 
bloodhound,  a  carrier  and  tumbler  pigeon. 
One  of  the  most  remarkable  features  in 
our  domesticated  races  is  that  we  see  in 
them  adaptation,  not  indeed  to  the  ani- 
mal's or  plant's  own  good,  but  to  man's  use 
or  fancy.  Some  variations  useful  to  him 
have  probably  arisen  suddenly,  or  by  one 
step ;  many  botanists,  for  instance,  be- 
lieve that  the  fuller's  teasel,  with  its  hooks. 
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which  cannot  be  rivaled  by  any  mechan- 
ical contrivance,  is  only  a  variety  of  the 
wild  Dipsacus ;  and  this  amount  of 
change  may  have  suddenly  arisen  in  a 
seedling.  So  it  has  probably  been  with 
the  turnspit  dog ;  and  this  is  known  to 
have  been  the  case  with  the  ancon  sheep. 
But  when  we  compare  the  dray-horse 
and  race-horse,  the  dromedary  and  camel, 
the  various  breeds  of  sheep  fitted  either 
for  cultivated  land  or  mountain  pasture, 
with  the  wool  of  one  breed  good  for  one 
purpose,  and  that  of  another  breed  for 
another  purpose,  when  we  compare  the 
many  breeds  of  dogs,  each  good  for  man 
in  different  ways  ;  when  we  compare  the 
game-cock,  so  pertinacious  in  battle, 
with  other  breeds  so  little  quarrelsome, 
with  "  everlasting  layers "  which  never 
desire  to  sit,  and  with  the  bantam  so 
small  and  elegant ;  when  we  compare 
the  host  of  agricultural,  culinary,  orchard, 
and  flower-garden  races  of  plants,  most 
useful  to  man  at  different  seasons  and 
/or  different  purposes,  or  so  beautiful  in 
his  eyes,  we  must,  I  think,  look  further 
than  to  mere  variability.  We  cannot 
suppose  that  all  the  breeds  were  suddenly 
produced  as  perfect  and  as  useful  as 
we  now  see  them  ;  indeed,  in  many  cases, 
we  know  that  this  has  not  been  their 
history.  The  key  is  man's  power  of  ac- 
cumulative selection :  nature  gives  suc- 
cessive variations  ;  man  adds  them  up  in 
certain  directions  useful  to  him.  In  this 
sense  he  may  be  said  to  have  made  for 
himself  useful  breeds. 

37.  The  great  powe.  of  this  principle 
of  selection  is  not  hypothetical.  It  is 
certain  that  several  of  our  eminent 
breeders  have,  even  within  a  single  life- 
time, modified  to  a  large  extent  their 
breeds  of  cattle  and  sheep.  In  order 
fully  to  realize  what  they  have  done,  it  is 
almost  necessary  to  read  several  of  the 
many  treatises  devoted  to  this  subject, 
and  to  inspect  the  animals.  Breeders 
habitually  speak  of  an  animal's  organiza- 
tion as  something  plastic,  which  they 
can  model  almost  as  they  please.  If  I 
had  space  I  could  quote  numerous  pas- 
sages to  this  effect  from  highly  compe- 
tent authorities.  Youatt,  who  was  prob- 
ably better  acquainted  with  the  works  of 
agriculturists  than  almost  any  other  in- 
dividual, and  who  was  himself  a  very 
good  judge  of  animals,  speaks  of  the 
principle  of  selection  as  "  that  which  en- 
ables the  agriculturist,  not  only  to  mod- 
ify the  character  of  his  flock,  but  to  change 
it  altogether.  It  is  the  magician's  wand, 
by  means  of  which  he  may  summon  into 


ife  whatever  form  and  mold  he  pleases." 
Lord  Somerville,  speaking  of  what  breed- 
ers have  done  for  sheep,  says : — "  It 
would  seem  as  if  they  had  chalked  out 
upon  a  wall  a  form  perfect  in  itself,  and 
then  had  given  it  existence."  In  Saxony 
the  importance  of  the  principle  of  selec- 
tion in  regard  to  merino  sheep  is  so  fully 
recognized,  that  men  follow  it  as  a  trade  : 
the  sheep  are  placed  on  a  table  and  are 
studied,  like  a  picture  by  a  connoisseur ; 
this  is  done  three  times  at  intervals  of 
months,  and  the  sheep  are  each  time 
marked  and  classed,  so  that  the  very  best 
may  ultimately  be  selected  for  breeding. 

38.  What  English  breeders  have  actu- 
ally effected  is  proved  by  the  enormous 
prices  given   for   animals  with  a  good 
pedigree ;  and  these  have  been  exported 
to   almost  every  quarter  of  the  world. 
The  improvement  is  by  no  means  gener- 
ally due  to  crossing  different  breeds  ;  all 
the  best  breeders  are  strongly  opposed  to 
this  practice,  except  sometimes  among 
closely  allied   sub-breeds.     And  when  a 
cross  has  been  made,  the  closest  selection 
is  far  more  indispensable  even  than   in 
ordinary  cases.      If  selection   consisted 
merely  in  separating  some  very  distinct 
variety,  and  breeding  from  it,  the  principle 
would  be   so   obvious   as  hardly  to  be 
worth  notice ;  but  its  importance  consists 
in  the  great  effect  produced  by  the  ac- 
cumulation in  one  direction,  during  suc- 
cessive generations,  of  differences  abso- 
lutely inappreciable    by  an    uneducated 
eye — differences   which   I   for  one   have 
vainly  attempted  to  appreciate.     Not  one 
man  in  a  thousand  has  accuracy  of  eye 
and  judgment   sufficient   to  become  an 
eminent  breeder.     If  gifted  with   these 
qualities,  and  he  studies  his  subject  for 
years,  and  devotes  his  lifetime  to  it  with 
indomitable  perseverance,  he  will  succeed, 
and  may  make  great   improvements ;  if 
he  wants  any  of  these  qualities,  he  will 
assuredly  fail.     Few  would   readily  be- 
lieve in  the  natural  capacity  and  years  of 
practice  requisite  to  become  even  a  skilful 
pigeon-fancier. 

39.  The  same  principles  are  followed 
by  horticulturists  ;  but  the  variations  are 
here  often  more  abrupt.     No  one  sup- 
poses that  our  choicest  productions  have 
been  produced  by  a  single  variation  from 
the  aboriginal   stock.     We  have  proofs 
that  this  has  not  been  so  in  several  cases 
in  which  exact  records  have  been  kept ; 
thus,  to  give  a  very  trifling  instance,  the 
steadily-increasing  size  of  the  common 
gooseberry  may  be  quoted.     We  see  an 
astonishing  improvement  in  many  florists' 
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flowers,  when  the  flowers  of  the  present 
day  are  compared  with  drawings  made 
only  twenty  or  thirty  years  ago.  When 
a  race  of  plants  is  once"  pretty  well  estab- 
lished, the  seed-raisers  do  not  pick  out 
the  best  plants,  but  merely  go  over  their 
seed-beds,  and  pull  up  the  "  rogues,"  as 
they  call  the  plants  that  deviate  from  the 
proper  standard.  With  animals  this 
kind  of  selection  is,  in  fact,  likewise  fol- 
lowed ;  for  hardly  any  one  is  so  careless 
as  to  breed  from  his  worst  animals. 

40.  In  regard  to  plants,  there  is  another 
means    of    observing    the    accumulated 
effects  of  selection — namely,  by  compar- 
ing the  diversity  of  flowers  in  the  differ- 
ent varieties  of  the  same  species  in  the 
flower-garden ;    the   diversity  of   leaves, 
pods,  or  tubers,  or  whatever  part  is  valued, 
in  the  kitchen-garden,  in  comparison  with 
the  flowers  of  the   same  varieties;   and 
the  diversity  of  fruit  of  the  same  species 
in  the  orchard,  in  comparison  with  the 
leaves  and   flowers  of  the  same  set  of 
varieties.     See  how  different  the  leaves 
of  the  cabbage  are,  and  how  extremely 
alike  the  flowers  ;  how  unlike  the  flowers 
of  the   heartsease    are,  and    how  alike 
the  leaves ;   how  much  the  fruit  of  the 
different  kinds  of  gooseberries  differ  in 
size,  color,  shape,  and  hairiness,  and  yet 
the  flowers  present  very  slight  differences. 
It  is  not  that  the  varieties  which  differ 
largely  in  some  one  point  do  not  differ  at 
all  in  other  points ;  this  is  hardly  ever,  — 
I  speak  after  careful  observation, — per- 
haps never,  the  case.     The  law  of  cor- 
related variation,  the  importance  of  which 
should  never  be  overlooked,  will  ensure 
some  differences  ;  but,  as  a  general  rule, 
it  cannot  be  doubted  that  the  continued 
selection  of  slight  variations,  either  in  the 
leaves,  the  flowers,  or  the  fruit,  will  pro- 
duce  races  differing    from    each    other 
chiefly  in  these  characters. 

41.  It  may  be  objected  that  the  princi- 
ple of  selection   has   been    reduced    to 
methodical  practice    for    scarcely  more 
than  three-quarters  of  a  century ;  it  has 
certainly  been  more  attended  to  of  late 
years,  and  many  treatises  have  been  pub- 
lished on  the  subject ;  and  the  result  has 
been,  in   a  corresponding  degree,  rapid 
and  important.     But  it  is  very  far  from 
true  that  the  principle  is  a  modern  dis- 
covery,    I  could  give  several  references 
to  works  of  high  antiquity,  in  which  the 
full  importance  of  the  principle  is  ac- 
knowledged.    In    rude    and    barbarous 
periods  of  English  history  choice  animals 
were    often    imported,   and    laws    were 
passed  to  prevent  their  exportation  :  the 


destruction  of  horses  under  a  certain  size 
was  ordered,  and  this  may  be  compared 
to  the  "  roguing  "  of  plants  by  nursery- 
men. The  principle  of  selection  I  find 
distinctly  given  in  an  ancient  Chinese 
encyclopedia.  Explicit  rules  are  laid 
down  by  some  of  the  Roman  classical 
writers.  From  passages  in  Genesis,  it  is 
clear  that  the  color  of  domestic  animals 
was  at  that  early  period  attended  to. 
Savages  now  sometimes  cross  their  dogs 
with  wild  canine  animals,  to  improve  the 
breed,  and  they  formerly  did  so,  as  is  at- 
tested by  passages  in  Pliny.  The  sav- 
ages in  South  Africa  match  their  draught 
cattle  by  color,  as  do  some  of  the  Esqui- 
maux their  teams  of  dogs.  Livingstone 
states  that  good  domestic  breeds  are 
highly  valued  by  the  negroes  in  the  inte- 
rior of  Africa  who  have  not  associated 
with  Europeans.  Some  of  these  facts  do 
not  show  actual  selection,  but  they  show 
that  the  breeding  of  domestic  animals 
was  carefully  attended  to  in  ancient 
times,  and  is  now  attended  to  by  the 
lowest  savages.  It  would,  indeed,  have 
been  a  strange  fact,  had  attention  not 
been  paid  to  breeding,  for  the  inheritance 
of  good  and  bad  qualities  is  so  obvious. 

Unconscious  Selection. 

42.  At  the  present  time,  eminent  breed- 
ers try  by  methodical  selection,  with  a  dis- 
tinct object  in  view,  to  make  a  new  strain 
or  sub-breed,  superior  to  anything  of  the 
kind  in  the  country.  But,  for  our  pur- 
pose, a  form  of  Selection,  which  may  be 
called  Unconscious,  and  which  results 
from  every  one  trying  to  possess  and 
breed  from  the  best  individual  animals,  is 
more  important.  Thus,  a  man  who  in- 
tends keeping  pointers  naturally  tries  to 
get  as  good  dogs  as  he  can,  and  after- 
ward breeds  from  his  own  best  dogs, 
but  he  has  no  wish  or  expectation  of  per- 
manently altering  the  breed.  Neverthe- 
less we  may  infer  that  this  process,  con- 
tinued during  centuries,  would  improve 
and  modify  any  breed,  in  the  same  way 
as  Bakewell,  Collins,  etc.,  by  this  very 
same  process,  only  carried  on  more 
methodically,  did  greatly  modify,  even 
during  their  lifetimes,  the  forms  and  qual- 
ities of  their  cattle.  Slow  and  insensible 
changes  of  this  kind  can  never  be  recog- 
nized unless  actual  measurements  or  care- 
ful drawings  of  the  breeds  in  question 
have  been  made  long  ago,  which  may- 
serve  for  comparison.  In  some  cases, 
however,  unchanged,  or  but  little  changed 
individuals  of  the  same  breed  exist  in  less 
civilized  districts,  where  the  breed  has 
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been  less  improved.  There  is  reason  to 
believe  that  King  Charles's  spaniel  has 
been  unconsciously  modified  to  a  large 
extent  since  the  time  of  that  monarch. 
Some  highly  competent  authorities  are 
convinced  that  the  setter  is  directly  de- 
rived from  the  spaniel,  and  has  probably 
been  slowly  altered  from  it.  It  is  known 
that  the  English  pointer  has  been  greatly 
changed  within  the  last  century,  and  in 
this  case  the  change  has,  it  is  believed, 
been  chiefly  effected  by  crosses  with  the 
foxhound ;  but  what  concerns  us  is  that 
the  change  has  been  effected  uncon- 
sciously and  gradually,  and  yet  so  effectu- 
ally, that,  though  the  old  Spanish  pointer 
certainly  came  from  Spain,  Mr.  Borrow 
has  not  seen,  as  I  am  informed  by  him, 
any  native  dog  in  Spain  like  our  pointer. 

43.  By  a  similar   process  of  selection, 
and   by  careful  training,   English  race- 
horses have  come  to  surpass  in  fleetness 
and  size  the  parent  Arabs,  so  that  the  lat- 
ter, by  the  regulations  for  the  Goodwood 
Races,  are  favored  in  the  weights  which 
they  carry.     Lord   Spencer  and    others 
have  shown  how  the   cattle  of  England 
have   increased  in  weight  and  in   early 
maturity,  compared  with  the   stock  for- 
merly kept  in  this  country.     By  compar- 
ing the   accounts  given   in   various  old 
treatises  of  the  former  and  present  state 
of  carrier  and  tumbler  pigeons  in  Britain, 
India,  and  Persia,  we  can  trace  the  stages 
through    which     they    have     insensibly 
passed,  and  come  to  differ  so  greatly  from 
the  rock-pigeon. 

44.  Youatt  gives  an  excellent  illustra- 
tion of  the  effects  of  a  course  of  selec- 
tion, which  may  be  considered  as  uncon- 
scious, in  so  far  that  the  breeders  could 
never  have  expected,  or  even  wished,  to 
produce  the  result  which  ensued — namely, 
the  production   of  two   distinct   strains. 
The  two  flocks  of  Leicester  sheep  kept  by 
Mr.  Buckley  and  Mr.   Burgess,   as   Mr. 
Youatt  remarks,   "  have  been  purely  bred 
from  the  original  stock  of  Mr.  Bakewell 
for  upward  of  fifty  years.     There  is  not 
a  suspicion  existing  in  the  mind  of  any 
one  at  all  acquainted  with  the  subject, 
that  the  owner  of  either  of  them  has  de- 
viated in  any  one  instance  from  the  pure 
blood  of  Mr.  Bakewell's  flock,  and  yet  the 
difference   between  the  sheep  possessed 
by  these  two  gentlemen  is  so  great  that 
they  have  the  appearance  of  being  quite 
different  varieties." 

45.  If  there  exist  savages  so  barbarous 
as  never  to  think  of  the  inherited  character 
of  the  offspring  of  their  domestic  animals, 
yet  any  one  animal  particularly  useful  to 


them,  tor  any  special  purpose,  would  be 
carefully  preserved  during  famines  and 
other  accidents,  to  which  savages  are  so 
liable,  and  such  choice  animals  would 
thus  generally  leave  more  offspring  than 
the  inferior  ones ;  so  that  in  this  case 
there  would  be  a  kind  of  unconscious  se- 
lection going  on.  We  see  the  value  set 
on  animals  even  by  the  barbarians  of 
Tierra  del  Fuego,  by  their  killing  and 
devouring  their  old  women,  in  times  of 
dearth,  as  of  less  value  than  their  dogs. 

46.  In  plants  the  same  gradual  process 
of  improvement,  through  the  occasional 
preservation    of    the     best     individuals, 
whether  or  not  sufficiently  distinct  to  be 
ranked  at  their  first  appearance  as  distinct 
varieties,  and  whether  or  not  two  or  more 
species  or  races  have  become  blended  to- 
gether by  crossing,  may  plainly  be  recog- 
nized in  the  increased    size  and  beauty 
which  we  now  see  in  the  varieties  of  the 
heartsease,  rose,  pelargonium,  dahlia,  and 
other   plants,  when   compared  with   the 
older  varieties  or  with  their  parent-stocks. 
No  one  would  ever  expect  to  get  a  first- 
rate  heartsease  or  dahlia  from  the  seed  of 
a  wild  plant.     No  one  would   expect  to 
raise  a  first-rate  melting  pear  from  the 
seed  of  the  wild  pear,  though  he  might 
succeed   from  a  poor  seedling  growing 
wild,  if  it  had  come  from  a  garden-stock. 
The  pear,  though  cultivated  in  classical 
times,  appears,  from  Pliny's  description, 
to  have  been  a  fruit  of  very  inferior  qual- 
ity.    I  have  seen  great  surprise  expressed 
in  horticultural  works  at  the  wonderful 
skill  of  gardeners,  in   having   produced 
such  splendid  results  from  such  poor  ma- 
terials ;  but  the  art  has  been  simple,  and, 
as  far  as  the  final  result  is  concerned,  has 
been  followed  almost  unconsciously.     It 
has  consisted  in  always   cultivating   the 
best  known  variety,  sowing  its  seeds,  and, 
when   a   slightly  better  variety  chanced 
to   appear,  selecting  it,  and  so  onward. 
But  the  gardeners  of  the  classical  period, 
who  cultivated  the  best  pears  which  they 
could  procure,  never  thought  what  splen- 
did fruit  we  should  eat ;  though  we  owe 
our  excellent  fruit,  in  some  small  degree, 
to  their  having  naturally  chosen  and  pre- 
served the  best  varieties  they  could  any- 
where find. 

47.  A  large   amount   of  change,  thus 
slowly  and   unconsciously  accumulated, 
explains,  as  I  believe,  the  well-known  fact 
that  in  a  number  of  cases  we  cannot  rec- 
ognize, and   therefore  do  not  know,  the 
wild  parent-stocks  of  the  plants  which 
have  been  longest  cultivated  in  our  flower 
and  kitchen  gardens.    If  it  has  taken  cent- 
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ones  or  thousands  of  years  to  improve  or 
modify  most  of  our  plants  up  to  their 
present  standard  of  usefulness  to  man, 
we  can  understand  how  it  is  that  neither 
Australia,  the  Cape  of  Good  Hope,  nor 
any  other  region  inhabited  by  quite  un- 
civilized man,  has  afforded  us  a  single 
plant  worth  culture.  It  is  not  that  these 
countries,  so  rich  in  species,  do  not  by  a 
strange  chance  possess  the  aboriginal 
stocks  of  any  useful  plants,  but  that  the 
native  plants  have  not  been  improved  by 
continued  selection  up  to  a  standard  of 
perfection  comparable  with  that  acquired 
by  the  plants  in  countries  anciently  civil- 
ized. 

48.  In  regard  to  the  domestic  animals 
kept  by  uncivilized  man,  it  should  not  be 
overlooked  that  they  almost  always  have 
to  struggle  for  their  own  food,  at  least 
during  certain  seasons.    And  in  two  coun- 
tries very  differently  circumstanced,  in- 
dividuals of  the  same    species,   having 
slightly  different  constitutions  or  struct- 
ure, would  often  succeed  better  in  the  one 
country  than  in  the  other ;  and  thus  by  a 
process   of  ''natural   selection,"   as  will 
hereafter  be  more   fully  explained,  two 
sub-breeds  might  be  formed.     This,  per- 
haps, partly  explains   why  the   varieties 
kept  by  savages,  as  has  been  remarked 
by  some  authors,  have  more  of  the  char- 
acter of  true  species  than  the  varieties 
kept  in  civilized  countries. 

49.  On  the  view  here  given  of  the  im- 
portant part  which  selection  by  man  has 
played,  it  becomes  at  once  obvious,  how 
it  is  that  our  domestic  races  show  adapta- 
tion in  their  structure  or  in  their  habits 
to  man's  wants  or  fancies.     We  can,  I 
think,  further  understand  the  frequently 
abnormal  character  of  our  domestic  races, 
and  likewise  their  differences  being  so 
great  in  external  characters,  and  relatively 
so    slight  in   internal    parts  or  organs. 
Man  can  hardly  select,  or  only  with  much 
difficulty,  any  deviation  of  structure  ex- 
cepting such  as  is  externally  visible  ;  and 
indeed  he  rarely  cares  for  what  is  internal. 
He  can  never  act  by  selection,  excepting 
on  variations  which  are  first  given  to  him 
in  some  slight  degree  by  nature.     No  man 
would  ever  try  to  make  a  fantail  till  he 
saw  a  pigeon  with  a  tail  developed  in  some 
slight  degree  in  an  unusual  manner,  or  a 
pouter  till  he  saw  a  pigeon  with  a  crop  of 
somewhat  unusual  size  ;  and  the  more  ab- 
normal or  unusual  any  character  was  when 
it  first  appeared,  the  more  likely  it  would 
be  to  catch  his   attention.     But  to  use 
such  an  expression  as  trying  to  make  a 
fantail,  is,  I  have  no  doubt,  in  most  cases 


utterly  incorrect.  The  man  who  first  se- 
lected a  pigeon  with  a  slightly  larger  tail, 
never  dreamed  what  the  descendants  of 
that  pigeon  would  become  through  long- 
continued,  partly  unconscious  and  partly 
methodical,  selection.  Perhaps  the  par- 
ent-bird of  all  fantails  had  only  fourteen 
tail-feathers  somewhat  expanded,  like  the 
present  Java  fantail,  or  like  individuals  of 
other  and  distinct  breeds,  in  which  as 
many  as  seventeen  tail-feathers  have  been 
counted.  Perhaps  the  first  pouter-pigeon 
did  not  inflate  its  crop  much  more  than 
the  turbit  now  does  the  upper  part  of  its 
oesophagus, — a  habit  which  is  disregarded 
by  all  fanciers,  as  it  is  not  one  of  the 
points  of  the  breed. 

50.  Nor  let  it  be   thought   that   some 
great  deviation  of  structure  would  be  nec- 
essary to  catch  the  fancier's  eye :  he  per- 
ceives extremely  small  differences,  and  it 
is  in  human  nature  to  value  any  novelty, 
however  slight,  in  one's  own  possession. 
Nor  must  the  value  which  would  formerly 
have  been  set  on  any  slight  differences  in 
the  individuals  of  the -same  species,  be 
judged  of  by  the  value  which  is  now  set 
on  them,  after  several  breeds  have  fairly 
been  established.     It  is  known  that  with 
pigeons  many  slight  variations  now  occa- 
sionally appear,  but  these  are  rejected  as 
faults  or  deviations  from  the  standard  of 
perfection  in  each  breed.     The  common 
goose  has  not  given  rise  to  any  marked 
varieties;    hence  the  Toulouse    and   the 
common  breed,  which  differ  only  in  color, 
that    most   fleeting  of  characters,   have 
lately  been  exhibited  as  distinct  at  our 
poultry-shows. 

51.  These    views    appear    to   explain 
what  has  sometimes  been  noticed — name- 
ly, that  we  know  hardly  anything  about 
the  origin  or  history  of  any  of  our  domes- 
tic breeds.     But,  in  fact,  a  breed,  like  a 
dialect  of  a  language,  can  hardly  be  said 
to  have  a  distinct  origin.      A  man  pre- 
serves and  breeds  from  an  individual  with 
some   slight    deviation  of    structure,   or 
takes  more  care  than  usual  in  matching 
his  best  animals,  and  thus  improves  them, 
and  the  improved  animals  slowly  spread 
in   the    immediate    neighborhood.      But 
they  will   as  yet    hardly  have  a  distinct 
name,    and    from    being    only    slightly 
valued,  their  history  will  have  been  disre- 
garded.   When  further  improved  by  the 
same    slow    and  gradual    process,   they 
will  spread  more  widely,  and  will  be  rec- 
ognized as  something  distinct  and  valu- 
able, and  will  then  probably  first  receive 
a    provincial    name.      In    semi-civilized 
countries,  with  little  free  communication- 
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the  spioading  of  a  new  sub-breed  would 
be  a  slow  process.     As  soon  as  the  points 


As  soon,  however,  as  gardeners  picked 
out  individual  plants  with  slightly  larger, 


of  value  are  once  acknowledged,  the  prin-  earlier,  or  better  fruit,  and  raised  seed- 
ciple,  as  I  have  called  it,  of  unconscious  lings  from  them,  and  again  picked  out 
selection  will  always  tend, — perhaps  |  the  best  seedlings  and  bred  from  them, 
more  at  one  period  than  at  another,  as  !  then  (with  some  aid  by  crossing  distinct 
the  breed  rises  or  falls  in  fashion, — per-  species)  those  many  admirable  varieties 


not  that  mere  individual  dif- 
not   amply  sufficient,  with 


haps  more  in  one  district  than  in  another 
according  to  the  state  of  civilization  of  the 
inhabitants, — slowly  to  add  to  the  charac- 
teristic features  of  the  breed,  whatever 
they  may  be.  But  the  chance  will  be  in- 
finitely small  of  any  record  having  been 
preserved  of  such  slow,  varying,  and  in- 
sensible changes. 

Circumstances  favorable  to  Mans 
Power  of  Selection. 

52.  I  will  now  say  a  few  words  on  the 
circumstances,  favorable,  or  the  reverse, 
to  man's  power  of  selection.  A  high  de- 
gree of  variability  is  obviously  favorable, 
as  freely  giving  the  materials  for  selection 
to  work  on ; 
ferences  are 

extreme  care,  to  allow  of  the  accumula- 
tion of  a  large  amount  of  modification  in 
almost  any  desired  direction.  But  as  va- 
riations manifestly  useful  or  pleasing  to 
man  appear  only  occasionally,  the  chance 
of  their  appearance  will  be  much  in- 
creased by  a  large  number  of  individuals 
being  kept.  Hence,  number  is  of  the 
highest  importance  for  success.  On  this 
principle  Marshall  formerly  remarked, 
with  respect  to  the  sheep  of  parts  of  York- 
shire, "  as  they  generally  belong  to  poor 
people,  and  are  mostly  in  small  lots,  they 
never  can  be  improved."  On  the  other 
hand,  nurserymen,  from  keeping  large 
stocks  of  the  same  plant,  are  generally 
far  more  successful  than  amateurs  in  rais- 
ing new  and  valuable  varieties.  A  large 
number  of  individuals  of  an  animal  or 
plant  can  be  reared  only  where  the  condi- 
tions for  its  propagation  are  favorable. 
When  the  individuals  are  scanty,  all  will 
be  allowed  to  breed,  whatever  their 
quality  may  be,  and  this  will  effectually 
prevent  selection.  But  probably  the  most 
important  element  is  that  the  animal  or 
plant  should  be  so  highly  valued  .by  man, 
that  the  closest  attention  is  paid  to  even 
the  slightest  deviations  in  its  qualities  or 
structure.  Unless  such  attention  be  paid 
nothing  can  be  effected.  I  have  seen  it 
gravely  remarked,  that  it  was  most  fort- 
unate that  the  strawberry  began  to  vary 
just  when  gardeners  began  to  attend  to 
this  plant.  No  doubt  the  strawberry  had 
always  varied  since  it  was  cultivated,  but 
the  slight  varieties  had  been  neglected. 


of  the  strawberry  were  raised  which  have 
appeared  during  the  last  half-century. 

53.  With  animals,  facility  in  preventing 
crosses  is  an  important  element  in  the 
formation  of  new  races, — at  least,  in  a 
country  which  is  already  stocked  with 
other  races.  In  this  respect  enclosure  of 
the  land  plays  a  part.  Wandering  sav- 
ages or  the  inhabitants  of  •  open  plains 
rarely  possess  more  than  one  breed  of  the 
same  species.  Pigeons  can  be  mated  for 
life,  and  this  is  a  great  convenience  to 
the  fancier,  for  thus  many  races  may  be 
improved  and  kept  true,  though  mingled 
in  the  same  aviary ;  and  this  circumstance 
must  have  largely  favored  the  forma- 
tion of  new  breeds.  Pigeons,  I  may  add, 
can  be  propagated  in  great  numbers  and 
at  a  very  quick  rate,  and  inferior  birds 
may  be  freely  rejected,  as  when  killed 
they  serve  for  food.  On  the  other  hand, 
cats,  from  their  nocturnal  rambling  hab- 
its, cannot  be  easily  matched  and,  al- 
though so  much  valued  by  women  and 
children,  we  rarely  see  a  distinct  breed 
long  kept  up ;  such  breeds  as  we  do  some- 
times see  are  almost  always  imported 
from  some  other  country.  Although  I  do 
not  doubt  that  some  domestic  animals 
vary  less  than  others,  yet  the  rarity  or  ab- 
sence of  distinct  breeds  of  the  cat,  the 
donkey,  peacock,  goose,  etc.,  may  be  at- 
tributed in  main  part  to  selection  not  hav- 
ing been  brought  into  play :  in  cats,  from 
the  difficulty  in  pairing  them;  in  don- 
keys, from  only  a  few  being  kept  by  poor 
people,  and  little  attention  paid  to  their 
breeding ;  for  recently  in  certain  parts  of 
Spain  and  of  the  United  States  this  ani- 
mal has  been  surprisingly  modified  and 
improved  by  careful  selection:  in  oea- 
cocks,  from  not  being  very  easily  reared 
and  a  large  stock  not  kept :  in  geese,  from 
being  valuable  only  for  two  purposes, 
food  and  feathers,  and  more  especially 
from  no  pleasure  having  been  felt  in  the 
display  of  distinct  breeds  ;  but  the  goose, 
under  the  conditions  to  which  it  is  exposed 
when  domesticated,  seems  to  have  a  sin- 
gularly inflexible  organization,  though  it 
has  varied  to  a  slight  extent,  as  I  have 
elsewhere  described. 

54.  Some  authors  have  maintained  that 
the  amount  of  variation  in  our  domestic 
productions  is  soon  reached,  and  can 
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never  afterward  be  exceeded.  It  would 
be  somewhat  rash  to  assert  that  the  limit 
has  been  attained  in  any  one  case ;  for  al- 
most all  our  animals  and  plants  have  been 
greatly  improved  in  many  ways  within  a 
recent  period  ;  and  this  implies  variation. 
It  would  be  equally  rash  to  assert  that 
characters  now  increased  to  their  utmost 
limit,  could  not,  after  remaining  fixed  for 
many  centuries,  again  vary  under  new 
conditions  of  life.  No  doubt,  as  Mr. 
Wallace  has  remarked  with  much  truth, 
a  limit  will  be  at  last  reached.  For  in- 
stance, there  must  be  a  limit  to  the  fleet- 
ness  of  any  terrestrial  animal,  as  this  will 
be  determined  by  the  friction  to  be  over- 
come, the  weight  of  body  to  be  carried, 
and  the  power  of  contraction  in  the  mus- 
cular fibers.  But  what  concerns  us  is  that 
the  domestic  varieties  of  the  same  species 
differ  from  each  other  in  almost  every 
character,  which  man  has  attended  to  and 
selected,  more  than  do  the  distinct  species 
of  the  same  genera.  Isidore  Geoffroy  St. 
Hilaire  has  proved  this  in  regard  to  size, 
and  so  it  is  with  color  and  probably  with 
the  length  of  hair.  With  respect  to  fleet- 
ness,  which  depends  on  many  bodily  char- 
acters, Eclipse  was  far  fleeter,  and  a  dray- 
horse  is  incomparably  stronger  than  any 
two  natural  species  belonging  to  the  same 
genus.  So  with  plants,  the  seeds  of 
the  different  varieties  of  the  bean  or  maize 
probably  differ  more  in  size,  than  do  the 
seeds  of  the  distinct  species  in  any  one 
genus  in  the  same  two  families.  The 
some  remark  holds  good  in  regard  to  the 
fruit  of  the  several  varieties  of  the  plum, 
and  still  more  strongly  with  the  melon,  as 
well  as  in  many  other  analogous  cases. 

55.  To  sum  up  on  the  origin  of  our  do- 
mestic races  of  animals  and  plants. 
Changed  conditions  of  life  are  of  the 
highest  importance  in  causing  variability, 
both  by  acting  directly  on  the  organiza- 
tion, and  indirectly  by  affecting  the  repro- 
ductive system.  It  is  not  probable  that 
variability  is  an  inherent  and  necessary 
contingent,  under  all  circumstances.  The 
greater  or  less  force  of  inheritance  and  re- 
version determine  whether  variations  shal 
endure.  Variability  is  governed  by  many 
unknown  laws,  of  which  correlated  growth 
is  probably  the  most  important.  Some- 
thing, but  how  much  we  do  not  know, 
maybe  attributed  to  the  definite  action  o 
the  conditions  of  life.  Some,  perhaps  a 
great,  effect  may  be  attributed  to  the  in- 
creased use  or  disuse  of  parts.  The  fina 
result  is  thus  rendered  infinitely  complex 
In  some  cases  the  intercrossing  of  aborig 
:Hfilly  distinct  specjes  appears  fP  havi 


•laved  an  important  part  in  the  origin  ot 
>t»  breeds.  When  several  breeds  have 
mce  been  formed  in  any  country,  their 
iccasional  intercrossing,  with  the  aid  of 
election,  has,  no  doubt,  largely  aided  in 
he  formation  of  new  sub-breeds ;  but  the 
mportance  of  crossing  has  been  much  ex- 
ggerated,  both  in  regard  to  animals  and 
hose  plants  which  are  propagated  by  seed. 
With  plants  which  are  temporarily  prop- 
agated by  cuttings,  buds,  etc.,  the  impor- 
ance  of  crossing  is  immense  ;  for  the  cul- 
ivator  may  here  disregard  the  extreme 
variability  both  of  hybrids  and  of  mon- 
jrels,  and  the  sterility  of  hybrids ;  but 
)lants  not  propagated  by  seeds  are  of 
ittle  importance  to  us,  for  their  endur- 
ance is  only  temporary.  Over  all  these 
causes  of  Change,  the  accumulative  action 
of  Selection,  whether  applied  methodically 
and  quickly,  or  unconsciously  and  slowly 
jut  more  efficiently,  seems  to  have  been 
the  predominant  Power. 


CHAPTER  II. 

VARIATION   UNDER  NATURE. 

Variability— Individual  differences— Doubtful  spe- 
cies— Wide  ranging,  much  diffused,  and  com- 
mon species,  vary  most — Species  of  the  larger 
genera  in  each  country  vary  more  frequently 
than  the  species  of  the  smaller  genera— Many 
of  the  species  of  the  larger  genera  resemble 
varieties  in  being  very  closely,  but  unequally, 
related  to  each  other,  and  in  having  restricted 
ranges. 

56.  BEFORE  applying  the  principles  ar- 
rived at  in  the  last  chapter  to  organic  be- 
ings in  a  state  of  nature,  we  must  briefly 
discuss  whether  these  latter  are  subject 
to  any  variation.  To  treat  this  subject 
properly,  a  long  catalogue  of  dry  facts 
ought  to  be  given ;  but  these  I  shall  re- 
serve for  a  future  work.  Nor  shall  I 
here  discuss  the  various  definitions  which 
have  been  given  of  the  term  species. 
No  one  definition  has  satisfied  all  natu- 
ralists ;  yet  every  naturalist  knows  ,-aguely 
what  he  means  when  he  speaks  of  a  spe- 
cies. Generally  the  term  includes  the 
unknown  element  of  a  distinct  act  of  ere 
ation.  The  term  "  variety  "  is  almost 
equally  difficult  to  define  ;  but  here  com- 
munity of  descent  is  almost  universally 
implied,  though  it  can  rarely  be  proved. 
We  have  also  what  are  called  monstros- 
ities ;  but  they  graduate  into  varieties. 
By  a  monstrosity  I  presume  is  meant 
some  considerable  deviation  of  structure, 
generally  injurious,  or  not  useful  to  the 
species.  Some  authors  use  the  term 

"  variation  "  in  a  technical  sense,  as  jn> 
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plying  a  modification  directly  due  to  the 
physical  conditions  of  life;  and  "varia- 
tions "  in  this  sense  are  supposed  not  to 
be  inherited;  but  who  can  say  that  the 
dwarfed  condition  of  shells  in  the  brack- 
ish waters  of  the  Baltic,  or  dwarfed  plants 
on  Alpine  summits,  or  the  thicker  fur  of 
an  animal  from  far  northward,  would 
not  in  some  cases  be  inherited  for  at  least 
i  few  generations  ?  and  in  this  case  I 
presume  that  the  form  would  be  called  a 
Variety. 

57.  It  may  be  doubted  whether  sudden 
and  considerable  deviations  of  structure 
such  as  we  occasionally  see  in  our  do- 
mestic productions,  more  especially  with 
plants,  are  ever  permanently  propagated 
in  a  state  of  nature.  Almost  every  part 
of  every  organic  being  is  so  beautifully 
related  to  its  complex  conditions  of  life 
that  it  seems  as  improbable  that  any  part 
should  have  been  suddenly  produced  per- 
fect, as  that  a  complex  machine  should 
have  been  invented  by  man  in  a  perfect 
state.  Under  domestication  monstrosi- 
ties sometimes  occur  which  resemble 
normal  structures  in  widely  different  ani- 
mals. Thus  pigs  have  occasionally  been 
born  with  a  sort  of  proboscis,  and  if  any 
wild  species  of  the  same  genus  had  nat- 
urally possessed  a  proboscis,  it  might 
have  been  argued  that  this  had  appeared 
as  a  monstrosity ;  but  I  have  as  yet  failed 
to  find,  after  diligent  search,  cases  of 
monstrosities  resembling  normal  struct- 
ures in  nearly  allied  forms,  and  these 
alone  bear  on  the  question.  If  monstrous 
forms  of  this  kind  ever  do  appear  in  a 
state  of  nature  and  are  capable  of  repro- 
duction (which  is  not  always  the  case),  as 
they  occur  rarely  and  singly,  their  preser- 
vation would  depend  on  unusually  favor- 
able circumstances.  They  would,  also, 
during  the  first  and  succeeding  genera- 
tions cross  with  the  ordinary  form,  and 
thus  their  abnormal  character  would  al- 
most inevitably  be  lost.  But  I  shall  have 
to  return  in  a  future  chapter  to  the  pres- 
ervation and  perpetuation  of  single  or 
occasional  variations. 

Individual  Differences. 

58.  The  many  slight  differences  which 
appear  in  the  offspring  from  the  same 
parents,  or  which  it  may  be  presumed 
have  thus  arisen,  from  being  observed  in 
the  individuals  of  the  same  species  in- 
habiting the  same  confined  locality,  may 
be  called  individual  differences.  No  one 
supposes  that  all  the  individuals  of  the 
same  species  are  cast  in  the  same  actual 
mold.  These  individual  differences  are 


of  the  highest  importance  for  us,  ior  tney 
are  often  inherited,  as  must  be  familiar  to 
every  one  ;  and  they  thus  afford  materials 
for  natural  selection  to  act  on  and  accu- 
mulate, in  the  same  manner  as  man  accu- 
mulates in  any  given  direction  individual 
differences  in  his  domesticated  produc- 
tions. These  individual  differences  gen- 
erally affect  what  naturalists  consider  un- 
important parts ;  but  I  could  show  by  a 
long  catalogue  of  facts,  that  parts  which 
must  be  called  important,  whether  viewed 
under  a  physiological  or  classificatory 
point  of  view,  sometimes  vary  in  the  indi- 
viduals of  the  same  species.  I  am  con- 
vinced that  the  most  experienced  naturalist 
would  be  surprised  at  the  number  of  the 
cases  of  variability,  even  in  important  pai  ts 
of  structure,  which  he  could  collect  on  good 
authority,  as  I  have  collected,  during  a 
course  of  years.  It  should  be  remembered 
that  systematistsare  far  from  being  pleased 
at  finding  variability  in  important  charac- 
ters, and  that  there  are  not  many  men 
who  will  laboriously  examine  internal  and 
important  organs,  and  compare  them  in 
many  specimens  of  the  same  species.  It 
would  never  have  been  expected  that  the 
branching  of  the  main  nerves  close  to  the 
great  central  ganglion  of  an  insect  would 
have  been  variable  in  the  same  species ; 
it  might  have  been  thought  that  changes 
of  this  nature  could  have  been  effected 
only  by  slow  degrees  ;  yet  Sir  J.  Lubbock 
has  shown  a  degree  of  variability  in  these 
main  nerves  in  Coccus,  which  may  al- 
most be  compared  to  the  irregular  branch- 
ing of  the  stem  of  a  tree.  This  philo- 
sophical naturalist,  I  may  add,  has  also 
shown  that  the  muscles  in  the  larvae  of 
certain  insects  are  far  from  uniform. 
Authors  sometimes  argue  in  a  circle 
when  they  state  that  important  organs 
never  vary ;  for  these  same  authors  prac- 
tically rank  those  parts  as  important  (as 
some  few  naturalists  have  honestly  con- 
fessed) which  do  not  vary;  and  under 
this  point  of  view,  no  instance  will  ever 
be  found  of  an  important  part  varying 
but  under  any  other  point  of  view  many 
instances  assuredly  can  be  given. 

59.  There  is  one  point  connected  with 
individual  differences,  which  is  extremely 
perplexing :  I  refer  to  those  genera  which 
have  been  called  "  protean  "  or  "  poly- 
morphic," in  which  the  species  present 
an  inordinate  amount  of  variation.  With 
respect  to  many  of  these  forms,  hardly 
two  naturalists"  agree  whether  to  rank 
them  as  species  or  as  varieties.  We 
may  instance  Rubus,  Rosa,  and  Hiera- 
cium  among  plants,  several  genera  of 
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insects  and  of  Brachiopod  shells.  In 
most  polymorphic  genera  some  of  the 
species  have  fixed  and  definite  characters. 
Genera  which  are  polymorphic  in  one 
country  seem  to  be,  with  a  few  excep- 
tions, polymorphic  in  other  countries, 
and  likewise,  judging  from  Brachiopod 
shells,  at  former  periods  of  time.  These 
facts  are  very  perplexing,  for  they  seem  to 
show  that  this  kind  of  variability  is  inde- 
pendent of  the  conditions  of  life.  I  am 
inclined  to  suspect  that  we  see,  at  least 
in  some  of  these  polymorphic  genera,  va- 
riations which  are  of  no  service  or  disserv- 
ice to  the  species,  and  which  conse- 
quently have  not  been  seized  on  and 
rendered  definite  by  natural  selection,  as 
hereafter  to  be  explained. 

60.  Individuals  of  the  same  species 
often  present,  as  is  known  to  every  one, 
great  differences  of  structure,  independ- 
ently of  variation,  as  in  the  two  sexes  of 
various  animals,  in  the  two  or  three  castes 
of  sterile  females  or  workers  among  in- 
sects, and  in  the  immature  and  larval 
states  of  many  of  the  lower  animals. 
There  are,  also,  cases  of  dimorphism  and 
trimorphism,  both  with  animals  and  plants. 
Thus,  Mr.  Wallace,  who  has  lately  called 
attention  to  the  subject,  has  shown  that 
the  females  of  certain  species  of  butter- 
flies, in  the  Malayan  archipelago,  regu- 
larly appear  under  two  or  even  three  con- 
spicuously distinct  forms,  not  connected 
by  intermediate  varieties.  Fritz  Miiller 
has  described  analogous  but  more  extraor- 
dinary cases  with  the  males  of  certain 
Brazilian  Crustaceans  :  thus,  the  male  of 
a  Tanais  regularly  occurs  under  two  dis- 
tinct forms ;  one  of  these  has  strong  and 
differently  shaped  pincers,  and  the  other 
has  antennae  much  more  abundantly  fur- 
nished with  smelling-hairs.  Although  in 
most  of  these  cases,  the  two  or  three 
forms,  both  with  animals  and  plants,  are 
not  now  connected  by  intermediate  gra- 
dations, it  is  probable  that  they  were 
once  thus  connected.  Mr.  Wallace,  for 
instance,  describes  a  certain  butterfly 
which  presents  in  the  same  island  a  great 
range  of  varieties  connected  by  interme- 
diate links,  and  the  extreme  links  of  the 
chain  closely  resemble  the  two  forms  of 
an  allied  dimorphic  species  inhabiting  an- 
Bther  part  of  the  Malay  archipelago. 
Thus  also  with  ants,  the  several  worker- 
castes  are  generally  quite  distinct ;  but  in 
some  cases,  as  we  shall  hereafter  see,  the 
castes  are  connected  together  by  finely 
graduated  varieties.  So  it  is,  as  I  have 
myself  observed,  with  some  dimorphic 
olants.  Ir  certainly  at  first  appears  a 


highly  remarkable  fact  tnat  the  same  fe- 
male butterfly  should  have  the  power  of 
producing  at  the  same  time  three  distinct 
female  forms  and  a  male ;  and  that  an 
hermaphrodite  plant  should  produce  from 
the  same  seed-capsule  three  distinct  her- 
maphrodite forms,  bearing  three  different 
kinds  of  females  and  three  or  even  six 
different  kinds  of  males.  Nevertheless 
these  cases  are  only  exaggerations  of  the 
common  fact  that  the  female  produces  off- 
spring of  two  sexes  which  sometimes  differ 
from  each  other  in  a  wonderful  manner. 

Doubtful  Species. 

61.  The  forms  which  possess  in  some 
considerable  degree  the  character  of  spe- 
cies, but  which  are  so  closely  similar  to 
other  forms,  or  are  so  closely  linked  to 
them   by  intermediate    gradations,    that 
naturalists  do  not  like  to  rank  them  as 
distinct   species,  are  in  several  respects 
the   most   important   for   us.     We   have 
every  reason  to  believe  that  many  of  these 
doubtful  and   closely  allied  forms   have 
permanently  retained  their  characters  for 
a  long  time ;   for  as  long,  as  far  as  we 
know,  as  have  good  and   true   species. 
Practically,  when  a  naturalist  can  unite 
by  means  of  intermediate  links  any  two 
forms,  he  treats  the  one  as  a  variety  of 
the  other;  ranking  the   most  common, 
but  sometimes  the  one  first  described,  as 
the  species,  and  the  other  as  the  variety. 
But  cases  of  great  difficulty,  which  I  will 
not  here  enumerate,  sometimes  arise  in 
deciding    whether   or  not   to   rank   one 
form  as  a  variety  of  another,  even  when 
they  are  closely  connected  by  intermedi- 
ate links  ,  nor  will  the  commonly-assumed 
hybrid  nature  of  the  intermediate  forms 
always    remove   the   difficulty.     In   very 
many  cases,  however,  one  form  is  ranked 
as  a  variety  of  another,  not  because  the 
intermediate    links    have    actually   been 
found,  but  because  analogy  leads  the  ob- 
server to  suppose  either  that  they  do  now 
somewhere  exist,  or  may  formerly  have 
existed ;   and  here  a  wide  door  for  the 
entry  of  doubt  and  conjecture  is  opened. 
Hence,  in  determining  whether  a  form 
should  be  ranked  as  a  species  or  a  vari- 
ety,   the   opinion   of    naturalists   having 
sound    judgment    and   wide   experience 
seems  the   only  guide  to   follow,     We 
must,  however,  in  many  cases,  decide  by 
•a  majority  of  naturalists,  for  few  well- 
marked  and  well-known  varieties  can  be 
named  which  have  not  been  ranked  as 
species  by  at  least  some  competent  judges. 

62.  That  varieties  of  this  doubtful  nat- 
ure are  far  from   uncommon   cannot  be 
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disputed.  Compare  the  several  floras  of 
Great  Britain,  of  France,  or  of  the 
United  States,  drawn  up  by  different 
botanists,  and  see  what  a  surprising 
number  of  forms  have  been  ranked  by 
one  botanist  as  good  species,  and  by  an- 
other as  mere  varieties.  Mr.  H.  C.  Wat- 
son, to  whom  I  lie  under  deep  obligation 
for  assistance  of  all  kinds,  has  marked 
for  me  182  British  planes,  which  are  gen- 
erally considered  as  varieties,  but  which 
have  all  been  ranked  by  botanists  as 
species ;  and  in  making  this  list  he  has 
omitted  many  trifling  varieties,  but 
which  nevertheless  have  been  ranked  by 
some  botanists  as  species,  and  he  has  en- 
tirely omitted  several  highly  polymorphic 
genera.  Under  genera,  including  the 
most  polymorphic  forms,  Mr.  Babington 
gives  251  species,  whereas  Mr.  Bent- 
ham  gives  only  112, — a  difference  of 
139  doubtful  forms!  Among  animals 
which  unite  for  each  birth,  and  which 
are  highly  locomotive,  doubtful  forms, 
ranked  by  one  zoologist  as  a  species  and 
by  another  as  a  variety,  can  rarely  be 
found  within  the  -same  country,  but  are 
common  in  separated  areas,  How  many 
of  the  birds  and  insects  in  North  America 
and  Europe,  which  differ  very  slightly 
from  each  other,  have  been  ranked  by 
one  eminent  naturalist  as  undoubted 
species,  and  by  another  as  varieties,  or, 
as  they  are  often  called,  geographical 
races  !  Mr.  Wallace,  in  several  valuable 
papers  on  the  various  animals,  especially 
on  the  Lepidoptera,  inhabiting  the  is- 
lands of  the  great  Malayan  archipelago, 
shows  that  they  may  be  classed  under 
four  heads,  namely,  as  variable  forms,  as 
local  forms,  as  geographical  races  or  sub- 
species, and  as  true  representative  species. 
The  first  or  variable  forms  vary  much 
within  the  limits  of  the  same  island.  The 
local  forms  are  moderately  constant  and 
iistinct  in  each  separate  island;  but  when 
ill  from  the  several  islands  are  compared 
Aether,  the  differences  are  seen  to  be  so 
slight  and  graduated,  that  it  is  impossible 
to  define  or  describe  them,  though  at  the 
same  time  the  extreme  forms  are  suffi- 
ciently distinct.  The  geographical  races 
o-  sub-species  are  local  forms  completely 
fixed  and  isolated  ;  but  as  they  do  not 
differ  from  each  other  by  strongly 
marked  and  important  characters,  "  there 
is  no  possible  test  but  individual  opinion 
to  determine  which  of  them  shall  be  con- 
sidered as  species  and  which  as  varie- 
ties." Lastly,  representative  species  fill 
the  same  place  in  the  natural  economy  of 
each  island  as  do  the  local  forms  and  sub- 
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species;  but  as  the  are  distinguished 
from  each  other  by  .  greater  amount  of 
difference  than  that  between  the  local 
forms  and  sub-species,  they  are  almost 
universally  ranked  by  naturalists  as  true 
species.  Nevertheless,  no  certain  crite- 
rion can  possibly  be  given  by  which  va- 
riable forms,  local  forms,  sub-species, 
and  representative  species  can  be  recog- 
nized. 

63.  Many  years  ago,  when  comparing, 
and   seeing    others    compare,   the  birds 
from  the  closely  neighboring  islands  of 
the  Galapagos  archipelago,  one  with  an- 
other, and  with  those  from  the  American 
mainland,  I  was  much  struck  how  en- 
tirely vague  and  arbitrary  is  the  distinc- 
tion between  species  and  varieties.     On 
the    islets   of   the   little   Madeira    group 
there  are  many  insects  which  are  charac- 
terized  as  varieties    ir    Mr.  Wollaston's 
admirable  work,  but  which  would   cer- 
tainly be  ranked  as  distinct  species  by 
many  entomologists.     Even   Ireland  has 
a  few  animals,  now  generally  regarded  as 
varieties,  but  which  have  been  ranked  as 
species  by  some  zoologists.     Several  ex- 
perienced   ornithologists    consider     our 
British  red  grouse  as  only  a  strongly- 
marked   race    of  a  Norwegian    species, 
whereas  the  greater  number  rank  it  as  an 
undoubted  species  peculiar  to  Great  Brit- 
ain.    A  wide  distance  between  the  homes 
of  two  doubtful  forms  leads  many  nat- 
uralists to  rank  them  as  distinct  species ; 
but   what    distance,   it    has    been    well 
asked,     will     suffice ;  if    that    between 
America  and  Europe  is  ample,  will  that 
between    Europe    and    the    Azores,    or 
Madeira,  or  the  Canaries,  or  between  the 
several  islets  of  these  small  archipelagos, 
be  sufficient  ? 

64.  Mr.  B.  D.  Walsh,  a  distinguished 
entomologist  of  the   United  States,  has 
described  what  he  calls  Phytophagic  va- 
rieties and   Phytophagic   species.     Most 
vegetable-feeding  insects  live  on  one  kind 
of  plant  or  on  one  group  of  plants ;  some 
feed  indiscriminately  on  many  kinds,  but 
do  not  in  consequence  vary.     In  several 
cases,  however,  insects  found  living  on 
different  plants,  have  been  observed  by 
Mr.  Walsh  to  present  in  their  larval  or 
mature  state,  or  in  both  states,  sAght, 
though  constant  differences  in  color,  size, 
or  in  the  nature  of  their  secretions.     In 
some  instances  the  males  alone,  in  other 
instances  both  males  and  females,  have 
been  observed  thus  to  differ  in  a  slight 
degree.     When  the  differences  are  rather 
more   strongly  marked,  and  when  both 
sexes  and  all  ages  are  affected,  the  forms 
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are  ranked  by  all  entomologists  as  good 
species.  But  no  observer  can  determine 
for  another,  even  if  he  can  do  so  for  him- 
self, which  of  these  Phytophagic  forms 
ought  to  be  called  species  and  which  va- 
rieties. Mr.  Walsh  ranks  the  forms 
which  it  may  be  supposed  would  freely 
intercross,  as  varieties ;  and  those  which 
appear  to  have  lost  this  power,  as  species. 
As  the  differences  depend  on  the  insects 
having  long  fed  on  distinct  plants,  it  can- 
not be  expected  that  intermediate  links 
connecting  the  several  forms  should  now 
be  found.  The  naturalist  thus  loses  his 
best  guide  in  determining  whether  to 
rank  doubtful  forms  as  varieties  or  spe- 
cies. This  likewise  necessarily  occurs 
with  closely  allied  organisms,  which 
inhabit  distinct  continents  or  islands. 
When,  on  the  other  hand,  an  animal  or 
plant  ranges  over  the  same  continent,  or 
inhabits  many  islands  in  the  same  archi- 
pelago, and  presents  different  forms  in 
the  different  areas,  there  is  always  a 
good  chance  that  intermediate  forms  will 
be  discovered  which  will  link  together  the 
extreme  states ;  and  these  are  then  de- 
graded to  the  rank  of  varieties. 

65.  Some  few  naturalists  maintain  that 
animals  never  present  varieties ;  but  then 
these  same  naturalists  rank  the  slightest 
difference  as  of  specific  value  ;  and  when 
the  same  identical  form  is  met  with  in 
two  distant  countries,  or  in  two  geologi- 
cal formations,  they  believe  that  two  dis- 
tinct species  are  hidden  under  the  same 
dress.     The  term  species  thus  comes  to 
be  a  mere  useless  abstraction,  implying 
and  assuming  a  separate  act  of  creation. 
It  is  certain  that  many  forms,  considered 
by  highly-competent  judges  to  be  varie- 
ties, resemble  species  so  completely  in 
character,    that    they    have    been    thus 
ranked  by  other  highly-competent  judges. 
But  to  discuss  whether  they  ought  to  be 
called  species  or  varieties,  before  any  def- 
inition of  these  terms  has  been  generally 
accepted,  is  vainly  to  beat  the  air. 

66.  Many  of  the    cases    of  strongly- 
marked  varieties  or  doubtful  species  well 
deserve  consideration ;  for  several  inter- 
esting lines  of  argument,  from  geograph- 
ical distribution,  analogical  variation,  hy- 
bridism, etc.,  have  been  brought  to  bear 
in  the  attempt  to  determine  their  rank 
but  space  does  not  here  permit  me  to  dis- 
cuss them.     Close  investigation,  in  many 
cases,  will  no  doubt  bring  naturalists  to 
agree  how  to  rank  doubtful  forms.    Yet 
it  must  be  confessed  that  it  is  in  the  best 
known  countries  that  we  find  the  greates 
number  of  them.     I   have  been  struck 


with  the  fact,  that  if  any  animal  or  plant 
n  a  state  of  nature  be  highly  useful  to 
man,  or  from  any  cause  closely  attracts 
lis  attention,  varieties  of  it  will  almost 
universally  be  found  recorded.  These 
varieties,  moreover,  will  often  be  ranked 
jy  some  authors  as  species.  Look  at  the 
:ommon  oak,  how  closely  it  has  been 
studied ;  yet  a  German  author  makes 
more  than  a  dozen  species  out  of  forms, 
which  are  almost  universally  considered 
other  botanists  to  be  varieties ;  and  in 
this  country  the  highest  botanical  author- 
ties  and  practical  men  can  be  quoted  to 
show  that  the  sessile  and  pedunculated 
oaks  are  either  good  and  distinct  species 
or  mere  varieties. 

67.  I  may  here  allude  to  a  remarkable 
memoir  lately  published  by  A.  de  Can- 
dolle,  on  the  oaks  of  the  whole  world. 
No  one  ever  had  more  ample  materials 
for  the  discrimination  of  the  species,  or 
could  have  worked  on  them  with  more 
zeal  and  sagacity.  He  first  gives  in  de- 
tail all  the  many  points  of  structure 
which  vary  in  the  several  species,  and  es- 
timates numerically  the  relative  frequency 
of  the  variations.  He  specifies  above  a 
dozen  characters  which  may  be  found 
varying  even  o*  the  same  branch,  some- 
times according  to  -age  or  development, 
sometimes  without  any  assignable  reason. 
Such  characters  are  not  of  course  of  spe- 
cific value,  but  they  are,  as  Asa  Gray  has 
remarked  in  commenting  on  this  memoir, 
such  as  generally  enter  into  specific  defi- 
nitions. De  Candolle  then  goes  on  to 
say  that  he  gives  the  rank  of  species  to 
the  forms  that  differ  by  characters  never 
varying  on  the  same  tree  and  never 
found  connected  by  intermediate  states. 
After  this  discussion,  the  result  of  so 
much  labor,  he  emphatically  remarks : 
"  They  are  mistaken,  who  repeat  that  the 
greater  part  of  our  species  are  clearly 
limited,  and  that  the  doubtful  species  are 
in  a  feeble  minority.  This  seemed  to  be 
true,  so  long  as  a  genus  was  imperfectly 
known,  and  its  species  were  founded 
upon  a  few  specimens,  that  is  to  say, 
were  provisional.  Just  as  we  come  to 
know  them  better,  intermediate  forms 
flow  in,  and  doubts  as  to  specific  limits 
augment."  He  also  adds  that  it  is  the 
best  known  species  which  present  the 
greatest  number  of  spontaneous  varieties 
and  sub-varieties.  Thus  Quercus  robur 
has  twenty-eight  varieties,  all  of  which, 
excepting  six,  are  clustered  round  three 
sub-species,  namely,  Q.  pedunculata,  ses- 
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siliflora,    and    pubescens.      The     forms 
which    connect   these   three    sub-species 
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urc  comparatively  rare ;  and,  as  Asa 
Gray  again  remarks,  if  these  connecting 
forms,  which  are  now  rare,  were  to  be- 
come wholly  extinct,  the  three  sub-spe- 
cies would  hold  exactly  the  same  relation 
to  each  other,  as  do  the  four  or  five  pro- 
visionally admitted  species  which  closely 
surround  the  typical  Quercus  robur. 
Finally,  De  Candolle  admits  that  out  of 
the  300  species,  which  will  be  enumer- 
ated in  his  Prodromus  as  belonging  to 
the  oak  family,  at  least  two-thirds  are 
provisional  species,  that  is,  are  not  known 
strictly  to  fulfill  the  definition  above  given 
of  a  true  species.  It  should  be  added 
that  De  Candolle  no  longer  believes  that 
species  are  immutable  creations,  but  con- 
cludes that  the  derivative  theory  is  the 
most  natural  one,  "  and  the  most  accord- 
ant with  the  known  facts  in  palaeontol- 
ogy, geographical  botany  and  zoology,  of 
anatomical  structure  and  classification." 

68.  When  a  young  naturalist  commen- 
ces the  study  of  a  group  of  organisms  quite 
unknown  to  him,  he  is  at  first  much  per- 
plexed in  determining  what  differences  to 
consider  as  specific,  and  what  as  varietal ; 
for  he  knows  nothing  of  the  amount  and 
kind  of  variation  to  which  the  group  is 
subject ;  and   this  shows,  at  least,  how 
very  generally  there  is  some  variation. 
But  if  he  confine  his   attention   to   one 
class  within  one   country,  he  will   soon 
make  up  his  mind  how  to  rank  most  of 
the   doubtful  forms.      His   general  ten- 
dency will  be  to  make  many  species,  for 
he  will  become   impressed,  just  like   the 
pigeon  or  poultry  fancier  before  alluded 
to,  with  the  amount  of  difference  in  the 
forms  which  he  is  continually  studying ; 
and  he  has  little  general  knowledge  of 
analogical  variation  in  other  groups  and 
in  other  countries,  by  which  to  correct  his 
first   impressions.      As   he  extends    the 
range  of  his  observations,  he  will  meet 
with  more  cases  of  difficulty  ;  for  he  will 
encounter  a  greater  number  of  closely- 
allied  forms.     But  if  his  observations  be 
widely  extended,  he  will  in  the  end  gener- 
ally be  able  to  make  up  his  own  mind ; 
but  he  will  succeed  in  this  at  the  expense 
of  admitting   much  variation, — and   the 
truth  of  this  admission  will  often  be  dis- 
puted by  other   naturalists.     When   he 
comes  to  study  allied  forms  brought  from 
countries  not  now  continuous,  in  which 
case  he  cannot  hope  to  find  intermediate 
links,  he  will  be  compelled  to  trust  al- 
most entirely  to  analogy,  and  his  difficul- 
ties will  rise  to  a  climax. 

69.  Certainly  no  clear  line  of  demarka- 
tion  has  as  yet  been  drawn  between  species 
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and  sub-species — that  is,  the  forms  wnich 
in  the  opinion  of  some  naturalists  come 
very  near  to,  but  do  not  quite  arrive  at, 
the  rank  of  species  :  or,  again,  between 
sub-species  and  well-marked  varieties,  or 
between  lesser  varieties  and  individua, 
differences.  These  differences  blend  into 
each  other  by  an  insensible  series ;  and  a 
series  impresses  the  mind  with  the  idea 
of  an  actual  passage. 

70.  Hence  I  look  at  individual  differ- 
ences, though  of  small  interest  to  the  sys- 
tematist,  as  of  the  highest  importance  for 
us,  as  being  the  first  steps  toward  such 
slight    varieties    as  are    barely   thought 
worth  recording  in  works  on  natural  his- 
tory.    And  I  look  at  varieties  which  are 
in  any  degree  more  distinct  and  perma- 
nent   as  steps    toward   more    strongly- 
marked  and  permanent  varieties  ;  and  at 
the  latter,  as  leading  to  sub-species,  and 
then  to  species.     The  passage  from  one 
stage  of  difference  to  another  may,  in 
many  cases,  be  the  simple  result  of  the 
nature  of  the  organism  and  of  the  differ- 
ent physical  conditions  to  which  it  has 
long  been  exposed ;  but  with  respect  to 
the  more  important  and  adaptive  charac- 
ters, the  passage  from  one  stage  of  dif- 
ference to  another,  may  be  safely  attrib- 
uted to  the  cumulative  action  of  natural 
selection,  hereafter  to  be  explained,  and 
to  the  effects  of  the  increased  use  or  dis- 
use of  parts.     A  well-marked  variety  may 
therefore  be  called  an  incipient  species  ; 
but  whether  this  belief  is  justifiable  must 
be  judged  by  the  weight  of  the  various 
facts    and    considerations    to    be  given 
throughout  this  work. 

71.  It  need  not  be  supposed  that  all 
varieties  or  incipient  species  attain   the 
rank  of  species.     They  may  become  ex- 
tinct, or  they  may  endure  as  varieties  for 
very  long  periods,  as  has  been  shown  to 
be  the  case  by  Mr.  Wollaston  with  the 
varieties  of  certain   fossil  land-shells  in 
Madeira,  and  with  plants  by  Gaston  de 
Saporta.     If  a  variety  were  to  flourish  so 
as  to  exceed  in  numbers  the  parent  spe-, 
cies,  it  would  then  rank  as  the   species 
and  the   species   as   the  variety;    or  it 
might  come  to  supplant  and  exterminate 
the  parent  species ;   or  both  might  co- 
exist, and  both  rank  as  independent  spe- 
cies.     But  we  shall  hereafter  return  to 
this  subject. 

72.  From  these  remarks  it  will  be  seen 
that  I  look  at  the  term  species  as  one  ar- 
bitrarily given,  for  the  sake  of  conven- 
ience, to  a  set  of  individuals  closely  re- 
sembling each  other,  and  that  it  does  not 
essentially  differ  from  the  term  variety. 
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which  is  given  to  less  distinct  and  more 
fluctuating  forms.  The  term  variety, 
again,  in  comparison  with  mere  individ- 
ual differences,  is  also  applied  arbitrarily, 
for  convenience'  sake. 

Wide-ranging,  much-diffused,  and  com- 
mon Species  vary  most. 

73.  Guided  by  theoretical  considera- 
tions, I  thought  that  some  interesting  re- 
sults might  be  obtained  in  regard  to  the 
nature  and  relations  of  the  species  which 
vary  most,  by  tabulating  all  the  varieties 
in  several  well-worked  floras.     At  first 
this  seemed  a  simple  task ;  but  Mr.  H.  C. 
Watson,  to  whom  I  am  much  indebted 
for  valuable  advice  and  assistance  on  this 
subject,  soon  convinced  me  that  there 
were    many  difficulties,   as    did    subse- 
quently  Dr.   Hooker,   even  in   stronger 
terms.     I  shall  reserve  for  a  future  work 
the  discussion  of  these   difficulties,  and 
the  tables  of  the  proportional  numbers  of 
the  varying  species.     Dr.  Hooker  permits 
me  to 'add,  that  after  having  carefully 
read  my  manuscript,  and  examined  the 
tables,  he  thinks  that  the  following  state- 
ments are  fairly  well  established.     The 
whole  subject,  however,  treated  as  it  nec- 
essarily here   is  with   much   brevity,   is 
rather  perplexing,  and  allusions  cannot 
be  avoided  to  the   "  struggle  for  exist- 
ence,"  "divergence   of   character,"  and 
other  questions,  hereafter  to  be  discussed. 

74.  Alphonse  de  Candolle  and  others 
have  shown  that  plants  which  have  very 
wide  ranges  generally  present  varieties ; 
and  this  might  have  been  expected,  as 
they  are  exposed  to  diverse  physical  con- 
ditions, and  as  they  come  into  competi- 
tion (which,  as  we  shall  hereafter  see, 
is  an  equally  or  more  important  circum- 
stance)  with    different    sets  of  organic 
beings.      But  my  tables    further    show 
that,  in  any  limited  country,  the  species 
which  are    the  most  common,  that  is, 
abound  most  in  individuals,  and  the  spe- 
cies   which    are    most    widely    diffused 
within  their  own  country  (and  this  is  a 
different  consideration  from  wide  range, 
and  to  a  certain  extent  from  common- 
ness), oftenest  give  rise  to  varieties  suffi- 
ciently  well-marked    to  have    been   re- 
corded in  botanical  works.     Hence  it  is 
the  most  flourishing,  or,  as  they  may  be 
called,     the     dominant     species, — those 
which  range  widely,  are  the  most  diffused 
in  their  own  country,  and  are  the  most 
numerous  in  individuals, — which  oftenest 
produce  well-marked  varieties,  or,  as  I 
consider  them,   incipient  species.     And 
fhis,  perhaps,   might  have   been   antici- 


Dated ;  for,  as  varieties,  in  order  to  be- 
come in  any  degree  permanent,  necessa- 
rily have  to  struggle  with  the  other  in- 
labitants  of  the  country,  the  species 
which  are  already  dominant  will  be  the 
most  likely  to  yield  offspring,  which, 
though  in  some  slight  degree  modified, 
till  inherit  those  advantages  that  enabled 
their  parents  to  become  dominant  over 
their  compatriots.  In  these  remarks  on 
predominance,  it  should  be  understood 
that  reference  is  made  only  to  the  forms 
which  come  into  competition  with  each 
other,  and  more  especially  to  the  mem- 
bers of  the  same  genus  or  class  having 
nearly  similar  habits  of  life.  With  re- 
spect to  the  number  of  individuals  or 
commonness  of  species,  the  comparison 
of  course  relates  only  to  the  members  of 
the  same  group.  One  of  the  higher 
plants  may  be  said  to  be  dominant  if  it 
be  more  numerous  in  individuals  and 
more  widely  diffused  than  the  other 
plants  of  the  same  country,  which  live 
under  nearly  the  same  conditions.  A 
plant  of  this  kind  is  not  the  less  dominant 
because  some  conferva  inhabiting  the 
water  or '  some  parasitic  fungus  is  infi- 
nitely more  numerous  in  individuals,  and 
more  widely  diffused.  But  if  the  con- 
ferva or  parasitic  fungus  exceeds  its  allies 
in  the  above  respects,  it  will  then  be 
dominant  within  its  own  class. 

Species  of  the  Larger  Genera  in  each 
Country  vary  more  frequently  than  the 
Species  of  the  Smaller  Genera. 

75.  If  the  plants  inhabiting  a  country, 
as  described  in  any  Flora,  be  divided 
into  two  equal  masses,  all  those  in  the 
larger  genera  (i.e.,  those  including  many 
species)  being  placed  on  one  side,  and 
all  those  in  the  smaller  genera  on  the 
other  side,  the  former  will  be  found  to 
include  a  somewhat  larger  number  of  the 
very  common  and  much  diffused  or  dom- 
inant species.  This  might  have  been 
anticipated ;  for  the  mere  fact  of  many 
species  of  the  same  genus  inhabiting  any 
country,  shows  that  there  is  something 
in  the  organic  or  inorganic  conditions  of 
that  country  favorable  to  the  genus  ;  and, 
consequently,  we  might  have  expected 
to  have  found  in  the  larger  genera,  or 
those  including  many  species,  a  larger 
proportional  number  of  dominant  species. 
But  so  many  causes  tend  to  obscure 
this  result,  that  I  am  surprised  that  my 
tables  show  even  a  small  majority  on  the 
side  of  the  larger  genera.  I  will  here  al- 
lude to  only  two  causes  of  obscurity. 
Fresh-water  and  salt-loving  plants  gen- 
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erally  have  very  wide  ranges  and  are 
much  diffused,  but  this  seems  to  be  con- 
nected with  the  nature  of  the  stations  in- 
habited by  them,  and  has  little  or  no  rela- 
tion to  the  size  of  the  genera  to  which  the 
species  belong.  Again,  plants  low  in 
the  scale  of  organization  are  generally 
much  more  widely  diffused  than  plants 
higher  in  the  scale ;  and  here  again  there 
is  no  close  relation  to  the  size  of  the  gen- 
era. The  cause  of  lowly-organized  plants 
ranging  widely  will  be  discussed  in  our 
chapter  on  Geographical  Distribution. 

76.  From   looking   at   species  as  only 
strongly-marked   and   well-defined   vari- 
eties, I  was  led  to  anticipate  that  the  spe- 
cies of  the  larger  genera  in  each  coun- 
try would  oftener  present  varieties,  than 
the  species   of  the   smaller  genera ;  for 
wherever    many  closely  related  species 
(/>.,   species  of  the   same  genus)   have 
been  formed,  many  varieties  or  incipient 
species  ought,  as  a  general   rule,  to  be 
now  forming.     Where  many  large  trees 
grow,  we  expect  to  find  saplings.     Where 
many    species    of  a    genus    have    been 
formed  through  variation,  circumstances 
have  been  favorable   for  variation ;  and 
hence  we  might  expect  that  the  circum- 
stances would  generally  be  still  favorable 
to  variation.     On  the  other  hand,  if  we 
look  at  each  species  as  a  special  act  of 
creation,  there   is   no  reason  why  more 
varieties  should  occur  in  a  group  having 
many  species,  than  in  one  having  few. 

77.  To  test  the  truth  of  this  anticipa- 
tion I  have  arranged  the  plants  of  twelve 
countries,  and  the  coleopterous  insects  of 
two    districts,    into    two    nearly    equal 
masses,  the  species  of  the  larger  genera 
on  one  side,  and  those  of  the  smaller  gen- 
era on  the  other  side,  and  it  has  invaria- 
bly proved  to  be  the  case  that  a  larger 
proportion  of  the  species  on  the  side  of 
the    larger    genera    presented  varieties, 
than  on  the  side  of  the  smaller  genera. 
Moreover,  the  species  of  the  large  genera 
which  present  any  varieties,    invariably 
present  a  larger  average  number  of  vari- 
eties than  do  the  species  of  the  small 
genera.     Both  these  results  follow  when 
another  division  is  made,  and  when  all 
the  least  genera,  with  from  only  one  to 
four  species,  are  altogether  excluded  from 
the  tables.     These  facts  are  of  plain  sig- 
nification on  the  view  that  species  are 
only  strongly-marked  and  permanent  va- 
rieties ;  for  wherever  many  species  of  the 
same  genus  have  been  formed,  or  where, 
if  we  may  use  the  expression,  the  manu- 
factory of  species  has  been  active,  we 
ought  generally  to  find  the  manufactory 


still  in  action,  more  especially  as  we  navr 
every  reason  to  believe  the  process  of 
manufacturing  new  species  to  be  a  slow 
one.  And  this  certainly  holds  true,  if 
varieties  be  looked  at  as  incipient  species  ; 
for  my  tables  clearly  show  as  a  general 
rule  that,  wherever  many  species  of  a 
genus  have  been  formed,  the  species  of 
that  genus  present  a  number  of  varieties, 
that  is  of  incipient  species,  beyond  the 
average.  It  is  not  that  all  large  genera 
are  now  varying  much,  and  are  thus  in- 
creasing in  the  number  of  their  species, 
or  that  no  small  genera  are  now  vary- 
ing and  increasing ;  for  if  this  had  been 
so,  it  would  have  been  fatal  to  my  theory ; 
inasmuch  as  geology  plainly  tells  us  that 
small  genera  have  in  the  lapse  of  time 
often  increased  greatly  in  size ;  and  that 
large  genera  have  often  come  to  their 
maxima,  declined,  and  disappeared.  All 
that  we  want  to  show  is,  that,  where 
many  species  of  a  genus  have  been 
formed,  on  an  average  many  are  still 
forming ;  and  this  certainly  holds  good. 

Many  of  the  ^-becies  included  within  the 
Larger  Genera  resemble  Varieties  in 
being  very  closely,  but  unequally,  re- 
lated to  each  o*her,  and  in  having  re- 
stricted ranges. 

78.  There  are  other  relations  between 
the  species  of  large  genera  and  their  re- 
corded varieties  which  deserve  notice. 
We  have  seen  that  there  is  no  infallible 
criterion  by  which  to  distinguish  species 
and  well-marked  varieties ;  and  when  in- 
termediate links  have  not  been  found  be- 
tween doubtfu1  forms,  naturalists  are 
compelled  to  come  to  a  determination  by 
the  amount  of  difference  between  them, 
judging  by  analogy  whether  or  not  the 
amount  suffices  to  raise  one  or  both  to 
the  rank  of  species.  Hence  the  amount 
of  difference  is  one  very  important  crite- 
rion in  settling  whether  two  forms  should 
be  ranked  as  species  or  varieties.  Now 
Fries  has  remarked  in  regard  to  plants, 
and  Westwood  in  regard  to  insects,  that 
in  large  genera  the  amount  of  difference 
between  the  species  is  often  exceeding^ 
small.  I  have  endeavored  to  test  this  nu- 
merically by  averages,  and,  as  far  as  my 
imperfect  results  go,  they  confirm  the 
view.  I  have  also  consulted  some  saga 
cious  and  experienced  observers,  and,  aft 
er  deliberation,  they  concur  in  this  view. 
In  this  respect,  therefore,  the  species 
of  the  larger  genera  resemble  varieties, 
more  than  do  the  species  of  the  smaller 
genera.  Or  the  case  may  be  put  in 
another  way,  and  it  may  be  said,  that  in 
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the  larger  genera,  in  which  a  number  of 
varieties  or  incipient  species  greater  than 
the  average  are  now  manufacturing, 
many  of  the  species  already  manufactured 
still  to  a  certain  extent  resemble  varieties, 
for  they  differ  from  each  other  by  less 
than  the  usual  amount  of  difference. 

79.  Moreover,  the  species  of  the  larger 
genera  are  related  to  each  other,  in  the 
same  manner  as  the  varieties  of  any  one 
species  are  related  to   each  other.     No 
naturalist  pretends  that  all  the  species  of 
a  genus  are  equally  distinct   from  each 
other;    they  may  generally    be  divided 
into  sub-genera,   or   sections,   or   lesser 
groups.     As  Fries  has  well  remarked,  lit- 
tle groups  of  species  are  generally  clus- 
tered like  satellites  around  other  species. 
And  what  are  varieties   but   groups  of 
forms,  unequally  related  to  each  other, 
and  clustered  round  certain  forms — that 
is,    round    their    parent-species.      Un- 
doubtedly there  is  one  most  important 
point  of  difference  between  varieties  and 
species  ;  namely,  that  the  amount  of  dif- 
ference between  varieties,  when  compar- 
ed with  each  other  or  with  their  parent- 
species,  is  much  less  than  that  between 
the  species  of   the  same   genus.      But 
when  we  come  to  discuss  the  principle,  as 
I  call  it,  of  Divergence  of  Character,  we 
shall  see  how  this  may  be  explained,  and 
how  the  lesser  differences  between  varie- 
ties tend  to  increase  into  the  greater  dif- 
ferences between  species. 

80.  There  is  one  other  point  which  is 
worth  notice.     Varieties  generally  have 
much  restricted  ranges  :  this  statement  is 
indeed  scarcely  more  than  a  truism,  for, 
if  a  variety  were  found  to  have  a  wider 
range  than  that  of  its  supposed  parent- 
species,  their  denominations  would  be  re- 
versed.    But  there  is  reason  to  believe 
that  the  species  which  are  very  closely  al- 
lied to  other  species,  and  in  so  far  resem- 
ble varieties,  often  have  much  restricted 
ranges.     For  instance,  Mr.  H.  C.  Watson 
has  marked  for  me  in  the  well-sifted  Lon- 
don Catalogue  of  plants  (4th  edition)  63 
plants  which  are  therein  ranked  as  spe- 
cies, but  which  he  considers  as  so  closely 
allied  to  other  species  as  to  be  of  doubt- 
ful value  :  these  63  reputed  species  range 
on  an  average  over  6-9  of  the  provinces 
into    which    Mr.    Watson    has   divided 
Great  Britain.     Now,  in  this  same  Cata- 
logue, 53  acknowledged  varieties  are  re- 
corded, and  these  range  over  77  prov- 
inces ;  whereas,  the  species  to  which  these 
varieties  belong  range  over  14-3  provinces. 
So  that  the  acknowledged  varieties  have 
nearly  the  same  restricted  average  range, 


as  have  the  closely  allied  forms,  marked 
for  me  by  Mr.  Watson  as  doubtful  species, 
but  which  are  universally  ranked  by  Brit- 
ish botanists  as  good  and  true  species. 

Summary. 

81.  Finally,  varieties  cannot  be  distin- 
guished from   species, — except,  first,  by 
the    discovery   of    intermediate     linking 
forms  ;  and,  secondly,  by  a  certain  indefi- 
nite amount  of  difference  between  them  ; 
for  two  forms,  if  differing  very  little,  are 
generally   ranked    as  varieties,  notwith- 
standing that  they  cannot  be  closely  con- 
nected ;  but  the  amount  of  difference  con- 
sidered necessary  to  give  to  any  two  forms 
the  rank  of  species  cannot  be  defined.     In 
genera  having  more   than  the  average 
number  of  species  in  any  country,  the  spe- 
cies of  these  genera  have  more  than  the 
average   number  of  varieties.     In  large 
genera  the  species  are  apt  to  be  closely, 
but  unequally,  allied  together,  forming  lit- 
tle clusters  round  other  species.     Species 
very  closely  allied  to  other  species  appar- 
ently have  restricted  ranges.     In  all  these 
respects  the  species  of  large  genera  present 
a  strong  analogy  with  varieties.     We  can 
understand  these  analogies  if  species  once 
existed  as  varieties,  -and  thus  originated ; 
whereas  these  analogies  are  utterly  inexpli- 
cable if  species  are  independent  creations. 

82.  We  have,  also,  seen   that  it  is  the 
most  flourishing  or  dominant  species  of 
the  larger  genera  within  each  class  which 
on  an  average  yield  the  greatest  number 
of  varieties  ;    and  varieties,  as  we   shall 
hereafter  see,  tend  to  become  converted 
into  new  and  distinct  species.     Thus  the 
larger  genera  tend  to  become  larger ;  and 
throughout  nature  the  forms  of  life  which 
are  now  dominant  tend  to  become  still 
more  dominant  by  leaving  many  modified 
and  dominant  descendants.     But  by  steps 
hereafter  to  be  explained,  the  larger  gen- 
era also  tend  to  break  up  into  smaller  gen- 
era.    And  thus,  the  forms  of  life  through- 
out the    universe    become    divided  into 
groups  subordinate  to  groups. 
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83.  BEFORE  entering  on  the  subject  of 
.his  chapter,  I  must  make  a  few  prelimi- 
nary remarks,  to  show  how  the  struggle  for 
existence  bears  on  Natural  Selection.     It 
has   been  seen  in  the  last  chapter   that 
among  organic  beings  in  a  state  of  nature 
there  is  some  individual  variability  :  in- 
deed I  am  not  aware  that  this  has  ever 
been  disputed.     It   is  immaterial  for  us 
whether  a  multitude  of  doubtful  forms  be 
called  species  or  sub-species  or  varieties  ; 
what  rank,  for  instance,  the  two  or  three 
hundred  doubtful  forms  of  British  plants 
are  entitled  to  hold,  if  the  existence  of  any 
well-marked  varieties  be  admitted.     But 
the  mere  existence  of  individual  variabil- 
ity and  of  some  few  well-marked  varie- 
ties, though  necessary  as  the  foundation 
for  the  work,  helps  us  but  little  in  under- 
standing how    species    arise   in   nature. 
How  have  all  those  exquisite  adaptations 
of  one  part  of  the  organization  to  another 
part,  and  to  the  conditions  of  life,  and  of 
one  organic  being  to  another  being,  been 
perfected  ?     We  see  these  beautiful  co- 
adaptations   most   plainly  in   the  wood- 
pecker and  the  mistletoe  ;  and  only  a  lit- 
tle less  plainly  in  the  humblest  parasite 
which  clings  to  the  hairs  of  a  quadruped 
or  feathers  of  a  bird  ;  in  the  structure  of 
the  beetle  which  dives  through  the  water  : 
in  the  plumed  seed  which  is  wafted  by 
the  gentlest  breeze  ;    in   short,    we   see 
beautiful  adaptations  everywhere  and  in 
every  part  of  the  organic  world. 

84.  Again,  it  may  be  asked,  how  is  it 
that  varieties,  which  I  have  called  incip- 
ient species,  become  ultimately  converted 
into  good  and  distinct  species,  which  in 
most   cases   obviously  differ   from   each 
other  far  more  than  do  the  varieties  of 
the  same  species  ?     How  do  those  groups 
of    species,   which    constitute   what   are 
called  distinct  genera,  and  which   differ 
from  each  other  more  than  do  the  spe- 
cies of  the  same  genus,  arise  ?     All  these 
results,  as  we  shall  more  fully  see  in  the 
next  chapter,  follow  from  the  struggle  for 
life.     Owing  to  this  struggle,  variations, 
however  slight,  and  from  whatever  cause 
proceeding,  if  they  be  in  any  degree  prof- 
itable to  the  individuals  of  a  species,  in 
their  infinitely  complex  relations  to  other 
organic  beings  and  to  their  physical  con- 
ditions of  life,  will  tend  to  the  preservation 
of  such  individuals,  and  will  generally  be 
inherited  by  the  offspring.     The  offspring, 
also,  will  thus  have  a  better  chance  of  sur- 
viving, for,  of  the  many  individuals  of  any 
species  which  are  periodically  born,  but  a 
smaller  number  can  survive.    I  have  called 
this  principle,  by  which  each  slight  varia- 
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tion,  if  useful,  is  preserved,  by  the  term 
Natural  Selection,  in  order  to  mark  its  re- 
lation to  man's  power  of  selection.  But 
the  expression  often  used  by  Mr.  Herbert 
Spencer  of  the  Survival  of  the  Fittest  is 
more  accurate,  and  is  sometimes  equally 
convenient.  We  have  seen  that  man  by  se- 
lection can  certainly  produce  great  results, 
and  can  adapt  organic  beings  to  his  own 
uses,  through  the  accumulation  of  slight 
but  useful  variations  given  to  him  by  the 
hand  of  Nature.  But  Natural  Selection, 
as  we  shall  hereafter  see,  is  a  power  inces- 
santly ready  for  action,  and  is  as  immeas- 
urably superior  to  man's  feeble  efforts,  as 
the  works  of  Nature  are  to  those  of  Art. 

85.  We  will  now  discuss  in  a  little  more 
detail  the  struggle  for  existence.     In  my 
future  work  this  subject  will  be  treated, 
as  it  well  deserves,  at  greater  length.    The 
elder    le  Candolle  and  Lyell  have  largely 
and   philosophically  shown  that  all  or- 
ganic beings  are  exposed  to  severe  com- 
petition.    In  regard  to  plants,  no  one  has 
treated  this  subject  with  more  spirit  and 
ability  than  W.  Herbert,  Dean  of  Man- 
chester, evidently  the  result  of  his  great 
horticultural  knowledge.     Nothing  is  eas- 
ier than  to  admit  in  words  the  truth  of  the 
universal  struggle  for  life,  or  more  diffi- 
cult— at  least  I  have  found  it  so — than 
constantly  to  bear  this  conclusion  in  mind. 
Yet  unless  it  be  thoroughly  engrained  in 
the  mind,  the  whole  economy  of  nature, 
with  every  fact  on  distribution,   rarity, 
abundance,  extinction,  and  variation,  will 
be   dimly  seen   or   quite  misunderstood. 
We  behold  the  face  of  nature  bright  with 
gladness,  we  often  see  superabundance 
of  food  ;  we  do  not  see  or  we  forget,  that 
the  birds  which  are  idly  singing  round  us 
mostly  live  on  insects  or  seeds,  and  are 
thus  constantly  destroying  life ;  or  we 
forget  how  largely  these   songsters,   or 
their  eggs,  or  their  nestlings,  are  destroyed 
by  birds  and  beasts  of  prey ;  we  do  not 
always  bear  in  mind,  that,  though  food 
may  be  now  superabundant,  it  is  not  so 
at  all  seasons  of  each  recurring  year. 

The  Term,  Struggle  for  Existence,  used 
in  a  large  sense. 

86.  I  should  premise   that   I  use  this 
term  in  a  large  and  metaphorical  sense 
including  dependence  of  one  being  on 
another,  and  including  (which  is  more  im- 
portant) not  only  the  life  of  the  individual, 
but  success  in  leaving  progeny.    Two 
canine  animals,  in  a  time  of  dearth,  may 
be  truly  said  to  struggle  with  each  othef 
which  shall  get  food  and   live.     But  a 
plant  on  the  edge  of  a  desert  is  said  to 
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struggle  for  fife  against  the  drought, 
though  more  properly  it  should  be  said  to 
be  dependent  on  the  moisture.  A  plant 
which  annually  produces  a  thousand 
seeds,  of  which  only  one  on  an  average 
comes  to  maturity,  may  be  more  truly  said 
to  struggle  with  the  plants  of  the  same 
and  other  kinds  which  already  clothe  the 
ground.  The  mistletoe  is  dependent  on 
the  apple  and  a  few  other  trees,  but  can 
only  in  a  far-fetched  sense  be  said  to 
struggle  with  these  trees,  for,  if  too  many 
of  these  parasites  grow  on  the  same  tree, 
it  languishes  and  dies.  But  several  seed- 
ling mistletoes,  growing  close  together  on 
the  same  branch,  may  more  truly  be  said 
to  struggle  with  each  other.  As  the  mis- 
tletoe is  disseminated  by  birds,  its  exist- 
ence depends  on  them  ;  and  it  may  meta- 
phorically be  said  to  struggle  with  other 
fruit-bearing  plants,  in  tempting  the  birds 
to  devour  amd  thus  disseminate  its  seeds. 
In  these  several  senses,  which  pass  into 
each  other,  I  use  for  convenience'  sake 
the  general  term  of  Struggle  for  Exist- 
ence. 

Geometrical  Ratio  of  Increase. 

87.  A  struggle  for  existence  inevitably 
follows  from  the  high  rate  at  which  all 
organic  beings  tend  to  increase.    Every 
being,  which  during  its  natural   lifetime 
produces  several  eggs  or  seeds,  must  suf- 
fer destruction  during  some  period  of  its 
life,  and   during  some  season  or  occa- 
sional year,  otherwise,  on  the  principle  of 
geometrical  increase,  its  numbers  would 
quickly  become  so  inordinately  great  that 
no   country  could   support   the  product. 
Hence,  as  more  individuals  are  produced 
than  can  possibly  survive,  there  must  in 
every  case  be  a  struggle  for  existence, 
either  one  individual  with  another  of  the 
same  species,  or  with  the  individuals  of 
distinct  species,  or  with  the  physical  con- 
ditions of  life.     It  is  the  doctrine  of  Mal- 
thus,  applied  with  manifold  force  to  the 
whole  animal  and  vegetable  kingdoms  ; 
for  in  this  case  there  can  be  no  artificial 
increase  of  food,  and   no  prudential  re- 
straint from  marriage.     Although  some 
species  may  be  now  increasing,  more  or 
less  rapidly,  in  numbers,  all  cannot  do  so, 
for  the  world  would  not  hold  them. 

88.  There  is  no  exception  to  the  rule 
that  every  organic  being  naturally  in- 
creases at  so  high  a  rate,  that,  if  not  de- 
stroyed, the  earth  would  soon  be  covered 
by  the  progeny  of  a  single  pair.     Even 
slow-breeding  man  has  doubled  in  twen- 
ty-five years,  and  at  this  rate,  in  less  than 
a  thousand  years,  there  would    literally 
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not  be  standing-room  tor  his  progeny. 
Linnaeus  has  calculated  that  if  an  annual 
plant  produced  only  two  seeds — and 
there  is  no  plant  so  unproductive  as  this 
— and  their  seedlings  next  year  produced 
two,  and  so  on,  then  in  twenty  years  there 
would  be  a  million  plants.  The  elephant 
is  reckoned  the  slowest  breeder  of  all 
known  animals,  and  I  have  taken  some 
pains  to  estimate  its  probable  minimum 
rate  of  natural  increase ;  it  will  be  safest 
to  assume  that  it  begins  breeding  when 
thirty  years  old,  and  goes  on  breeding  till 
ninety  years  old,  bringing  forth  six  young 
in  the  interval,  and  surviving  till  one  hun- 
dred years  old  ;  if  this  be  so,  after  a  pe 
riod  of  from  740  to  7  50  years  there  would 
be  nearly  nineteen  million  elephants  alive, 
descended  from  the  first  pair. 

89.  But  we  have  better  evidence  on 
this  subject  than  mere  theoretical  calcu- 
lations, namely,  the  numerous  recorded 
cases  of  the  astonishingly  rapid  increase 
of  various  animals  in  a  state  of  nature, 
when  circumstances  have  been  favorable 
to  them  during  two  or  three  following 
seasons.  Still  more  striking  is  the  evi- 
dence from  our  domestic  animals  of  many 
kinds  which  have  run  wild  in  several  parts 
of  the  world ;  if  the  statements  of  the 
rate  of  increase  of  slow-breeding  cattle 
and  horses  in  South  America,  and  latterly 
in  Australia,  had  not  been  well  authenti- 
cated, they  would  have  been  incredible. 
So  it  is  with  plants  ;  cases  could  be  given 
of  introduced  plants  which  have  become 
common  throughout  whole  islands  in  a 
period  of  less  than  ten  years.  Several  of 
the  plants,  such  as  the  cardoon  and  a 
tall  thistle,  which  are  now  the  common- 
est over  the  wide  plains  of  La  Plata, 
clothing  square  leagues  of  surface  al- 
most to  the  exclusion  of  every  other 
plant,  have  been  introduced  from  Eu- 
rope ;  and  there  are  plants  which  now 
range  in  India,  as  I  hear  from  Dr.  Fal- 
coner, from  Cape  Comorin  to  the  Hima- 
laya, which  have  been  imported  from 
America  since  its  discovery.  In  such 
cases,  and  endless  others  could  be  given, 
•no  one  supposes,  that  the  fertility  of  the 
animals  or  plants  has  been  suddenly  and 
temporarily  increased  in  any  sensible  de- 
gree. The  obvious  explanation  is  that 
the  conditions  of  life  have  been  highly 
favorable,  and  that  there  has  conse- 
quently been  less  destruction  of  the  old 
and  young,  and  that  nearly  all  the  young 
have  been  enabled  to  breed.  Their  geo- 
metrical ratio  of  increase,  the  result  of 
which  never  fails  to  be  surprising,  simply 
explains  their  extraordinarily  rap;d  in- 
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crease  and  wide    diffusion   in  their  new 
homes. 

90.  In  a  state  of  nature  almost  every 
full-grown'  plant  annually  produces  seed, 
and  among  animals  there  are  very  few 
which  do  not  annually  pair.     Hence  we 
may  confidently  assert,  that  all  plants  and 
animals  are  tending  to  increase  at  a  geo- 
metrical   ratio, — that   all   would   rapidly 
stock  every  station  in  which  they  could 
any  how  exist, — and  that  this  geometrical 
tendency  to  increase  must  be  checked  by 
destruction  at  some  period  of  life.     Our 
familiarity  with  the  larger  domestic  ani- 
mals tends,  I  think^Jo  mislead  us  ;  we  see 
no  great  destructiorr-falling  on  them,  but 
we  do  not  keep  in  mind  that  thousands 
are   annually   slaughtered   for  food,  and 
that  in  a  state  of  nature  an  equal  number 
would  have  somehow  to  be  disposed  of. 

91.  The  only  difference  between  organ- 
isms which  annually  produce  eggs  or  seeds 
by  the  thousand,  and   those  which  pro- 
duce  extremely  few,  is,  that  the  slow- 
breeders  would  require  a  few  more  years 
to  people,  under  favorable  conditions,  a 
whole   district,  let  it  be  ever  so   large. 
The  condor  lays  a  couple  of  eggs  and  the 
ostrich  a  score,  and  yet  in  the  same  coun- 
try the  condor  may  be  the  more  numerous 
of  the  two ;  the  Fulmar  petrel  lays  but 
one  egg,  yet  it  is  believed  to  be  the  most 
numerous  bird  in  the  world.     One  fly  de- 
posits hundreds  of  eggs,  and  another,  like 
the   hippobosca,   a  single  one ;  but  this 
difference  does  not  determine  how  many 
individuals  of  the  two  species  can  be  sup- 
ported in  a  district.     A  large  number  of 
eggs  is  of  some  importance  to  those  spe- 
cies which  depend  on  a  fluctuating  amount 
ol  food,  for  it  allows  them  rapidly  to  in- 
crease in  number.     But  the  real  import- 
ance of  a  large  number  of  eggs  or  seeds 
is  to  make  up  for  much  destruction  at 
some  period  of  life ;  and  this  period  in 
the   great   majority  of   cases  is  an  early 
one.     If  an  animal  can  in  any  way  pro- 
tect its  own  eggs  or  young,  a  small  num- 
ber may  be  produced,  and  yet  the  aver- 
age stock  be  fully  kept  up  ;  but  if  many 
eggs  or  young  are  destroyed,  many  must 
be  produced,  or  the  species  will  become 
extinct.     It  would  suffice  to  keep  up  the 
full  number  of  a  tree,  which  lived  on  an 
average  for  a  thousand  years,  if  a  single 
seed  were  produced  once  in  a  thousand 
rears,  supposing  that  this  seed  were  nev- 
er destroyed,  and   could   be  ensured   to 
germinate  in  a  fitting  place.     So  that,  in 
all  cases,  the  average  number  of  any  ani- 
mal or  plant  depends  only  indirectly  on 
the  number  of  its  eggs  or  seeds. 


92.  In  looking  at  Nature,  it  is  most  nec- 
essary to  keep  the  foregoing  considera- 
tions always  in  mind — never  to  forget  th&* 
every  single  organic  being  may  be  said  to 
be  striving  to  the  utmost  to  increase  n 
numbers  ;  that  each  lives  by  a  struggle 
at  some  period  of  its  life ;  that  heavy  de- 
struction  inevitably   falls  either  on   the 
young  or  old,  during  each  generation  or 
at     recurring    intervals.     Lighten    any 
check,  mitigate  the  destruction  ever  so 
little,  and  the  number  of  the  species  will 
almost  instantaneously  increase  to  any 
amount. 

Nature  of  the  Checks  to  Increase. 

93.  The  causes  which  check  the  natu- 
ral tendency  of  each  species  to  increase 
are   most  obscure.     Look  at  the  most 
vigorous  species ;  by  as  much  as  it  swarim 
in  numbers,  by  so  much  will  it  tend  to 
increase  still  further.     We  know  not  ex- 
actly what  the  checks  are  even  in  a  single 
instance.     Nor  will  this  surprise  any  one 
who  reflects  how  ignorant  we  are  on  this 
head,   even  in    regard   to   mankind,  al- 
though   so   incomparably  better  knowt? 
than  any  other  animal.     This  subject  of 
the  checks  to  increase    has  been  ably 
treated  by  several  authors,  and  I  hope  in 
a  future  work  to  discuss  it  at  considera- 
ble length,  more  especially  in  regard  ta 
the   feral    animals    of  South    America. 
Here  I  will  make  only  a  few  remarks, 
just  to  recall  to  the  reader's  mind  some 
of  the  chief  points.     Eggs  or  very  young 
animals  seem  generally  to  suffer  most, 
but  this  is  not  invariably  the  case.    Witb 
plants  there  is  a  vast  destruction  of  seeds, 
but,  from  some  observations  which  I  have 
made,  it  appears  that  the  seedlings  suffer 
most  from  germinating  in  ground  already 
thickly  stocked  with  other  plants.     Seed- 
lings, also,  are  destroyed  in  vast  numbers 
by  various  enemies  ;  for  instance,  on  a 
piece  of  ground  three  feet  long  and  two 
wide,  dug  and  cleared,  and  where  there 
could  be  no  choking  from  other  plants,  ) 
marked  all  the  seedlings  of  our  nativv 
weeds  as  they  came  up,  and  out  of  357 
no  less  than  295  were  destroyed,  chiefly 
by  slugs  and  insects.     If  turf  which  has 
long  been  mown,  and  the  case  would  be 
the  same  with  turf  closely  browsed  by 
quadrupeds,  be   let  to  grow,  the   more 
vigorous  plants  gradually  kill  the   less 
vigorous,  though  fully  grown  plants ;  thus 
out  of  twenty  species  growing  on  a  little 
plot  of  mown  turf  (three  feet  by  four) 
nine  species   perished,   from    the  other 
species  being  allowed  to  grow  up  freely. 

94.  The  amount  of  food  for  each  species 
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of  course  gives  the  extreme  limit  to  which 
each  can  increase  ;  but  very  frequently  it 
is  not  the  obtaining  food,  but  the  serving 
as  prey  to  other  animals,  which  deter 
mines  the  average  numbers  of  a  species. 
Thus,  there  seems  to  be  little  doubt  that 
the  stock  of  partridges,  grouse,  and  hares 
on  any  large  estate  depends  chiefly  on  the 
destruction  of  vermin.  If  not  one  head 
of  game  were  shot  during  the  next  twenty 
years  in  England,  and,  at  the  same  time, 
if  no  vermin  were  destroyed,  there  would, 
in  all  probability,  be  less  game  than  at 
present,  although  hundreds  of  thousands 
of  game  animals  are  now  annually  shot. 
On  the  other  hand,  in  some  cases,  as  with 
the  elephant,  none  are  destroyed  by  beasts 
of  prey  ;  for  even  the  tiger  in  India  most 
rarely  dares  to  attack  a  young  elephant 
protected  by  its  dam. 

95.  Climate  plays  an  important  part  in 
determining  the  average  numbers  of  a 
species,  and  periodical  seasons  of  extreme 
cold  or  drought  seem  to  be  the  most  ef- 
fective of  all  checks.  I  estimated  (chiefly 
from  the  greatly  reduced  numbers  of 
nests  in  the  spring)  that  the  winter  of 
1854-  55  destroyed  four-fifths  of  the  birds 
in  my  own  grounds  ;  and  this  is  a  tremen- 
dous destruction,  when  we  remember 
fliat  ten  per  cent,  is  an  extraordinarily 
severe  mortality  from  epidemics  with  man. 
The  action  of  climate  seems  at  first  sight 
to  be  quite  independent  of  the  struggle 
for  existence ;  but  in  so  far  as  climate 
chiefly  acts  in  reducing  food,  it  brings  on 
the  most  severe  struggle  between  the  in- 
dividuals, whether  of  the  same  or  of  dis- 
tinct species,  which  subsist  on  the  same 
kind  of  food.  Even  when  climate,  for  in- 
stance extreme  cold,  acts  directly,  it  will 
be  the  least  vigorous  individuals,  or  those 
which  have  got  least  food  through  the 
advancing  winter,  which  will  suffer  most. 
When  we  travel  from  south  to  north,  or 
from  a  damp  region  to  a  dry,  we  invaria- 
bly see  some  species  gradually  getting 
rarer  and  rarer,  and  finally  disappearing  ; 
and  the  change  of  climate  being  conspic- 
uous, we  are  tempted  to  attribute  the 
whole  effect  to  its  direct  action.  But  this 
is  a  false  view ;  we  forget  that  each  spe- 
cies, even  where  it  most  abounds,  is  con- 
stantly suffering  enormous  destruction  at 
some  period  of  its  life,  from  enemies  or 
from  competitors  for  the  same  place  and 
tood  ;  and  if  these  enemies  or  competi- 
tors be  in  the  least  degree  favored  by  any 
slight  change  of  climate,  they  will  increase 
in  numbers  ;  and  as  each  area  is  already 
fully  stocked  with  inhabitants,  the  other 
species  must  decrease.  When  we  travel 


southward  and  see  a  species  decreasing 
in  numbers,  we  may  feel  sure  that  the 
cause  lies  quite  as  much  in  other  species 
oemg  favored,  as  in  this  one  being  hurt. 
So  it  is  when  we  travel  northward,  but  in 
a  somewhat  lesser  degree,  for  the  num- 
ber of  species  of  all  kinds,  and  therefore 
of  competitors,  decreases  northward ; 
hence  in  going  northward,  or  in  ascend- 
ing a  mountain,  we  far  oftener  meet  with 
stunted  forms,  due  to  the  directly  injuri- 
ous action  of  climate,  than  we  do  in  pro- 
ceeding southward  or  in  descending  a 
mountain.  When  we  reach  the  Arctic 
regions,  or  snow-capped  summits,  or  ab- 
solute deserts,  the  struggle  for  life  is  al- 
most exclusively  with  the  elements. 

96.  That  climate  acts  in  main  part  in- 
directly by  favoring    other    species,  we 
clearly  see  in  the  prodigious  number  of 
plants  which  in  our  gardens  can  perfectly 
well  endure  our  climate,  but  which  never 
become  naturalized,  for  they  cannot  Com- 
plete with  our   native-  plants   nor  resist 
destruction  by  our  native  animals. 

97.  When  a  species,  owing  to  highly 
favorable  circumstances,  increases  inor- 
dinately in  numbers  in  a  small  tract,  epi- 
demics— at  least,  this  seems  generally  to 
occur  with  our  game  animals — often  en- 
sue ;  and  here  we  have  a  limiting  check 
independent  of  the  struggle  for  life.     But 
even  some  of  these  so-called  epidemics 
appear  to  be  due  to  parasitic  worms,  which 
have  from  some  cause,  possibly  in  part 
through  facility  of  diffusion  among  the 
crowded  animals,  been  disproportionally 
favored :  and  here  comes  in  a  sort  of 
struggle  between    the  parasite  and   its 
prey.     On  the  other  hand,  in  many  cases, 
a  large  stock  of  individuals  of  the  same 
species,  relatively  to  the  numbers  of  its 
enemies,  is  absolutely  necessary  for  its 
preservation.     Thus  we  can  easily  raise 
plenty  of  corn  and  rape-seed,  etc.,  in  our 
fields,  because  the  seeds  are  in  great  ex- 
cess compared  with  the  number  of  birds 
which  feed  on  them ;  nor  can  the  birds, 
though  having  a  superabundance  of  food 
at  this  one  season,  increase  in  number 
proportionally  to  the  supply  of  seeds,  as 
their  numbers  are  checked  during  winter ; 
but  any  one  who  has  tried,  knows  how 
troublesome  it  is  to  get  seed  from  a  few 
wheat  or  other  such  plants  in  a  garden  : 
I  have  in  this  case  lost  every  single  seed. 
This  view  of  the  necessity  of  a  large  stock 
of  the  same  species  for  its  preservation, 
explains  I  believe,  some  singular  facts  in 
nature  such  as  that  of  very  rare  plants 
being  sometimes  extremely  abundant,  in 
the  few  spots  where  they  do  exist ;  and 
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that  of  some  social  plants  being  social, 
that  is,  abounding  in  individuals,  even  on 
che  extreme  verge  of  their  range.  For 
in  such  cases,  we  may  believe,  that  a 
plant  could  exist  only  where  the  condi- 
tions of  its  life  were  so  favorable  that 
many  could  exist  together,  and  thus  save 
the  species  from  utter  destruction.  I 
should  add  that  the  good  effects  of  inter- 
crossing, and  the  ill  effects  of  close  inter- 
breeding, no  doubt  come  into  play  in 
many  of  these  cases  ;  but  I  will  not  here 
enlarge  on  this  subject. 

Complex  Relations  of  all  Animals  and 
Plants  to  each  other  in  the  Struggle 
for  Existence. 

98.  Many  cases  are  on  record  showing 
how  complex  and  unexpected  are  the 
checks  and  relations  between  organic 
beings,  which  have  to  struggle  together 
in  the  same  country.  I  will  give  only  a 
single  instance,  which,  though  a  simple 
one,  interested  me.  In  Staffordshire,  on 
the  estate  of  a  relation,  where  I  had  am- 
ple means  of  investigation,  there  was  a 
large  and  extremely  barren  heath,  which 
had  never  been  touched  by  the  hand  of 
man ;  but  several  hundred  acres  of  ex- 
actly the  same  nature  had  been  enclosed 
twenty-five  years  previously  and  planted 
n-ith  Scotch  fir.  The  change  in  the  na- 
tive vegetation  of  the  planted  part  of  the 
heath  was  most  remarkable,  more  than 
is  generally  seen  in  passing  from  one 
quite  different  soil  to  another ;  not  only 
the  proportional  numbers  of  the  heath- 
plants  were  wholly  changed,  but  twelve 
species  of  plants  (not  counting  grasses 
and  carices)  flourished  in  the  plantations, 
which  could  not  be  found  on  the  heath. 
The  effect  on  the  insects  must  have  been 
still  greater,  for  six  insectivorous  birds 
were  very  common  in  the  plantations, 
which  were  not  to  be  seen  on  the  heath  ; 
and  the  heath  was  frequented  by  two  or 
three  distinct  insectivorous  birds.  Here 
we  see  how  potent  has  been  the  effect  of 
the  introduction  of  a  single  tree,  nothing 
whatever  else  having  been  done,  with  the 
exception  of  the  land  having  been  en- 
closed, so  that  cattle  could  not  enter. 
But  how  important  an  element  enclosure 
is,  I  plainly  saw  near  Farnham,  in  Surrey. 
Here  there  are  extensive  heaths,  with  a 
few  clumps  of  old  Scotch  firs  on  the  dis- 
tant hill-tops :  within  the  last  ten  years 
large  spaces  have  been  enclosed,  and  self- 
sown  firs  are  now  springing  up  in  multi- 
tudes, so  close  together  that  all  cannot 
live.  When  I  ascertained  that  these 
young  trees  had  not  been  sown  or  planted, 


[  was  so  much  surprised  at  their  num- 
bers that  I  went  to  several  points  of  view 
whence  I  could  examine  hundreds  oi 
acres  of  the  unenclosed  heath,  and  liter- 
ally I  could  not  see  a  single  Scotch  fir, 
except  the  old  planted  clumps.  But  on 
looking  closely  between  the  stems  of  the 
heath,  I  found  a  multitude  of  seedlings 
and  little  trees  which  had  been  perpetu- 
ally browsed  down  by  the  cattle.  In  one 
square  yard,  at  a  point  some  hundred 
yards  distant  from  one  of  the  old  clumps, 
I  counted  thirty-two  little  trees ;  and  one 
of  them,  with  twenty-six  rings  of  growth, 
had  during  many  years  tried  to  raise  its 
head  above  the  stems  of  the  heath,  and 
had  failed.  No  -wonder  that,  as  soon  as 
the  land  was  enclosed,  it  became  thickly 
clothed  with  vigorously  growing  young 
firs.  Yet  the  heath  was  so  extremely 
barren  and  so  extensive  that  no  one  would 
ever  have  imagined  that  cattle  would 
have  so  closely  and  effectually  searched 
it  for  food. 

99.  Here  we  see  that  cattle  absolutely 
determine  the  existence  of  the  Scotch  fir ; 
but  in  several  parts  of  the  world  insects 
determine,  the  existence  of  cattle.  Per- 
haps Paraguay  offers  the  most  curious 
instance  of  this ;  for  here  neither  cattle 
nor  horses  nor  dogs  have  ever  run  wild, 
though  they  swarm  southward  and  north- 
ward in  a  feral  state ;  and  Azara  and 
Rengger  have  shown  that  this  is  caused 
by  the  greater  number  in  Paraguay  of  a 
certain  fly,  which  lays  its  eggs  in  the 
navels  of  these  animals  when  first  born. 
The  increase  of  these  flies,  numerous  as 
they  are,  must  be  habitually  checked  by 
some  means,  probably  by  other  parasitic 
insects.  Hence,  if  certain  insectivorous 
birds  were  to  decrease  in  Paraguay,  the 
parasitic  insects  would  probably  increase ; 
and  this  would  lessen  the  number  of  the 
navel-frequenting  flies — then  cattle  and 
horses  would  become  feral,  and  this  would 
certainly  greatly  alter  (as  indeed  I  have 
observed  in  parts  of  South  America)  the 
vegetation :  this  again  would  largely  af- 
fect the  insects ;  and  this,  as  we  have  just 
seen  in  Staffordshire,  the  insectivorous 
birds,  and  so  onward  in  ever-increasing 
circles  of  complexity.  Not  that  under  na- 
ture the  relations  will  ever  be  as  simple 
as  this.  Battle  within  battle  must  be  con- 
tinually recurring  with  varying  success; 
and  yet  in  the  long-run  the  forces  are  so 
nicely  balanced,  that  the  face  of  nature 
remains  for  long  periods  of  time  uniform, 
though  assuredly  the  merest  trifle  would 
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ignorance,  and  so  high  our  presumption, 
that  we  marvel  when  we  hear  of  the  ex- 
tinction of  an  organic  being;  and  as  we 
do  not  see  the  cause,  we  invoke  cataclysms 
to  desolate  the  world,  or  invent  laws  on 
the  duration  of  the  forms  of  life ! 

100.  I  am  tempted  to  give  one  more 
instance  showing  how  plants  and  ani- 
mals, remote  in  the  scale  of  nature,  are 
bound  together  by  a  web  of  complex  re- 
lations. I  shall  hereafter  have  occasion 
to  show  that  the  exotic  Lobelia  fulgens 
is  never  visited  in  my  garden  by  insects, 
and  consequently,  from  its  peculiar  struct- 
ure, never  sets  a  seed.  Nearly  all  our 
orchidaceous  plants  absolutely  require 
the  visits  of  insects  to  remove  their  pol- 
len-masses and  thus  to  fertilize  them.  I 
find  from  experiments  that  humble-bees 
are  almost  indispensable  to  the  fertiliza- 
tion of  the  heartsease  (Viola  tricolor), 
for  other  bees  do  not  visit  this  flower.  I 
have  also  found  that  the  visits  of  bees 
are  necessary  for  the  fertilization  jf 
some  kinds  of  clover:  for  instance,  zc 
heads  of  Dutch  clover  (Trifolium  repens) 
yielded  2290  seeds,  but  20  other  heads 
protected  from  'bees  produced  not  one. 
Again,  100  heads  of  red  clover  (T.  pra- 
tense)  produced  2700  seeds,  but  the 
same  number  of  protected  heads  pro- 
duced not  a  single  seed.  Humble-bees 
alone  visit  red  clover,  as  other  bees  can- 
not reach  the  nectar.  It  has  been  sug- 
gested that  moths  may  fertilize  the  clo- 
vers ;  but  I  doubt  whether  they  could  do 
so  in  the  case  of  the  red  clover,  from 
their  weight  not  being  sufficient  to  de- 
press the  wing-petals.  Hence  we  may 
infer  as  highly  probable  that,  if  the  whole 
genus  of  humble-bees  became  extinct  or 
very  rare  in  England,  the  heartsease  and 
red  clover  would  become  very  rare,  or 
wholly  disappear.  The  number  of  hum- 
ble-t>ees  in  any  district  depends  in  a 
great  measure  on  the  number  of  field- 
mice,  which  destroy  their  combs  and 
nests ;  and  Col.  Newman,  who  has  long 
attended  to  the  habits  of  humble-bees, 
believes  that  "  more  than  two-thirds  of 
them  are  thus  destroyed  all  over  Eng- 
land." Now  the  number  of  mice  is 
largely  dependent,  as  every  one  knows, 
on  the  number  of  cats ;  and  Col.  New- 
man says,  "  Near  villages  and  small 
towns  I  have  found  the  nests  of  humble- 
bees  more  numerous  than  elsewhere, 
which  I  attribute  to  the  number  of  cats 
that  destroy  the  mice."  Hence  it  is 
quite  credible  that  the  presence  of  a  fe- 


line animal  in  large  numbers  in  a  district 
might  determine,  through  the  intervention 
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first  of  mice  and  then  of  bees,  the  fre- 
quency of  certain  flowers  in  that  district ! 

101.  In  the  case  of  every  species,  many 
different  checks,  acting  at  different  peri- 
ods of  life,  and  during  different  seasons 
or  years,  probably  come  into  play ;  some 
one  check  or  some  few  being  generally 
the  most  potent ;  but  all  will  concur  in  de- 
termining the  average   number  or  even 
the  existence  of  the   species.     In   some 
cases  it  can  be  shown  that  widely-differ- 
ent checks  act  on  the  same  species  in  dif- 
ferent districts.     When  we   look  at  the 
plants  and  bushes  clothing  an  entangled 
bank,  we  are  tempted  to  attribute  their 
proportional  numbers  and  kinds  to  what 
we  call  chance.     But  how  false  a  vie\v  is 
this !     Every  one  has  heard  that  when  an 
American  forest  is  cut  down,  a  very  dif- 
ferent vegetation  springs  up ;  but  it:  has 
been  observed  that  ancient  Indian  :  ;ins 
in   the   Southern    United   States,   which 
must  formerly  have  been  cleared  of  trees, 
now  display  the  same  beautiful  diversity 
ant1  nroportion   of  kinds  as  in  the   sur- 
rounding virgin  forest.     What  a  struggle 
must  have  gone  on  during  long  centuries 
between  the  several  kinds  of  trees,  each 
annually  scattering  its  seeds  by  the  thou- 
sand ;  what  war  between  insect  and  in- 
sect— between   insects,  snails,  and  other 
animals  with  birds  and  beasts  of  prey — * 
all  striving  to  increase,  all  feeding  on 
each  other,  or  on  the  trees,  their  seeds 
and   seedlings,   or  on  the  other  plants 
which  first  clothed  the  ground  and  thus 
checked  the  growth  of  the  trees !    Throw 
up  a  handful  of  feathers,  and  all  fall  to 
the  ground   according  to  definite  laws ; 
but  how  simple   is  the   problem  where 
each  shall  fall  compared  to  that  of  the 
action   and  reaction  of  the  innumerable 
plants   and   animals  which   have   deter- 
mined, in  the   course  of  centuries,   the 
proportional  numbers  and  kinds  of  trees 
now  growing  on  the  old  Indian  ruins  ! 

1 02.  The    dependency  of  one   organic 
being  on  another,  as  of  a  parasite  on  its 
prey,  lies  generally  between  beings  re- 
mote in   the    scale  of  nature.     This  is 
likewise   sometimes  the  case  with  those 
which  may  be   strictly  said  to  struggle 
with  each  other  for  existence,  as  in  the 
case  of  locusts  and  grass-feeding  quad- 
rupeds.    But  the  struggle  will  almost  in- 
variably be  most  severe  between  the  in- 
dividuals of  the  same   species,  for  they 
frequent  the   same  districts,  require  the 
same  food,  and  are  exposed  to  the  same 
dangers.     In  the  case  of  varieties  of  the 
same  species,  the  struggle  will  genera)  ly 
be  almost  equally  severe,  and  we  some- 
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times  see  the  contest  soon  decided;  for 
instance,  if  several  varieties  of  wheat  be 
sown  together,  and  the  mixed  seed  be  re- 
sown,  some  of  the  varieties  which  best 
suit  the  soil  or  climate,  or  are  naturally 
the  most  fertile,  will  beat  the  others  and 
so  yield  more  seed,  and  will  consequently 
in  a  few  years  supplant  the  other  varie- 
ties. To  keep  up  a  mixed  stock  of  even 
such  extremely  close  varieties  as  the  va- 
riously-colored sweet-peas,  they  must  be 
each  year  harvested  separately,  and  the 
seed  then  mixed  in  due  proportion,  other- 
wise the  weaker  kinds  will  steadily  de- 
crease in  number  and  disappear.  So 
again  with  the  varieties  of  sheep  it  has 
been  asserted  that  certain  mountain-va- 
rieties will  starve  out  other  mountain- 
varieties,  so  that  they  cannot  be  kept 
together.  The  same  result  has  followed 
from  keeping  together  different  varieties 
of  the  medicinal  leech.  It  may  even  be 
doubted  whether  the  varieties  of  any  of 
our  domestic  plants  or  animals  have  so 
exactly  the  same  strength,  habits,  and 
constitution,  that  the  original  proportions 
of  a  mixed  stock  (crossing  being  prevent- 
ed) could  be  kept  up  for  half-a-dozen 
generations,  if  they  were  allowed  to 
struggle  together,  in  the  same  manner  as 
beings  in  a  state  of  nature,  and  if  the 
seed  or  young  were  not  annually  pre- 
served in  due  proportion. 

Struggle  for  Life  most  severe  between  In- 
dividuals and  Varieties  of  the  same 
Species. 

\  03.  As  the  species  of  the  same  genus 
usually  have,  though  by  no  means  inva- 
riably, much  similarity  in  habits  and  con- 
stitution, and  always  in  structure,  the 
struggle  will  generally  be  more  severe 
between  them,  if  they  come  into  compe- 
tition with  each  other,  than  between  the 
species  of  distinct  genera.  We  see  this 
in  the  recent  extension  over  parts  of  the 
United  States  of  one  species  of  swallow 
having  caused  the  decrease  of  another 
species.  The  recent  increase  of  the  mis- 
sel-thrush in  parts  of  Scotland  has  caused 
the  decrease  of  the  song-thrush.  How 
frequently  we  hear  of  one  species  of  rat 
taking  the  place  of  another  species  under 
the  most  different  climates !  In  Russia 
the  small  Asiatic  cockroach  has  every- 
where driven  before  it  its  great  congener. 
In  Australia  the  imported  hive-bee  is 
rapidly  exterminating  the  small,  stingless 
native  bee.  One  species  of  charlock  has 
been  known  to  supplant  another  species  ; 
and  so  in  other  cases.  We  can  dimly  see 
why  the  competition  should  be  most 
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severe  between  allied  forms,  which  fill 
nearly  the  same  place  in  the  economy  of 
nature ;  but  probably  in  no  one  case 
could  we  precisely  say  why  one  species 
has  been  victorious  over  another  in  the 
great  battle  of  life. 

104.  A  corollary  of  the  highest  impor- 
tance may  be  deduced  from  the  forego- 
ing remarks,  namely,  that  the   structure 
of  every  organic  being  is  related,  in  the 
most  essential  yet  often  hidden  manner, 
to  that  of  all  the  other  organic  beings 
with  which  it  comes  into  competition  for 
food  or  residence,  or  from  which  it  has  to 
escape,  or  on  which  it  preys.     This  is 
obvious  in  the  structure  of  the  teeth  and 
talons  of  the  tiger;  and  in  that  of  the 
legs    and  claws  of  the  parasite   which 
clings  to  the  hair  on   the  tiger's  body. 
But  in  the  beautifully  plumed  seed  of  the 
dandelion,    and    in    the    flattened    and 
fringed  legs  of  the  water-beetle,  the  rela- 
tion seems  at  first  confined  to  the  ele- 
ments of  air  and  water.     Yet  the  advan- 
tage of  plumed  seeds  no  doubt  stands  in 
the  closest    relation  to  the  land  being 
already  thickly  clothed  with  other  plants ; 
so  that  the  seeds  may  be  widely  distribu- 
ted and  fall  on  unoccupied  ground.     In 
the  water-beetle,  the  structure  of  its  legs, 
so  well  adapted  for  diving,  allows  it  to 
compete  with   other  aquatic  insects,  to 
hunt  for  its  own  prey,  and  to  escape 
serving  as  prey  to  other  animals. 

105.  The  store  of  nutriment  laid  up 
within  the  seeds  of  many  plants  seems 
at  first  sight  to  have  no  sort  of  relation 
to  other  plants.     But  from  the  strong 
growth  of  young  plants  produced  from 
such  seeds,  as  peas  and   beans,   when 
sown  in  the  midst  of  long  grass,  it  may 
be  suspected  that  the  chief  use  of  the  nu- 
triment in  the  seed  is  to  favor  the  growth 
of  the  seedlings,  while  struggling  with 
other  plants  growing  vigorously  all  around. 

1 06.  Look  at  a  plant  in  the  midst  of 
its    range,  why  does  it  not  double    or 
quadruple  its  numbers  ?    We  know  that 
it   can  perfectly  well  withstand  a  little 
more  heat  or  cold,  dampness  or  dryness, 
for  elsewhere  it  ranges  into  slightly  hot- 
ter or  colder,  damper  or  dryer  districts. 
In  this  case  we  can  clearly  see  that  if  we 
wish  in  imagination  to  give  the  plant  the 
power  of  increasing  in  number,  we  should 
have  to  give  it  some  advantage  over  its 
competitors,  or  over  the  animals  which 
prey  on  it.     On  the  confines  of  its  geo- 
graphical range,  a  change  of  constitution 
with  respect  to  climate  would  clearly  be 
an  advantage  to  our  plant ;  but  we  have 
reason  to  believe  that  only  a  few  plants 
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or  animals  range  so  far,  that  they  are  de- 
stroyed exclusively  by  the  rigor  of  the 
climate.  Not  until  we  reach  the  extreme 
confines  of  life,  in  the  Arctic  regions  or 
on  the  borders  of  an  utter  desert,  will 
competition  cease.  The  land  may  be  ex- 
tremely cold  or  dry,  yet  there  will  be 
competition  between  some  few  species, 
or  between  the  individuals  of  the  same 
species,  for  the  warmest  or  dampest  spots. 

107.  Hence  we  can  see  that  when  a 
plant  or  animal  is  placed  in  a  new  coun- 
try among  new  competitors,  the  condi- 
tions of  its  life  will  generally  be  changed 
in  an  essential  manner,  although  the  cli- 
mate may  be  exactly  the  same  as  in  its 
former  home.     If  its  average    numbers 
are  to  increase    in   its    new  home,   we 
should  have  to  modify  it  in  a  different 
way  to  what  we  should  have  had  to  do  in 
its  native  country ;  for  we  should  have  to 
give  it  some  advantage  over  a  different 
set  of  competitors  or  enemies. 

108.  It  is  good  thus  to  try  in  imagina- 
tion to  gi/e  to  any  one  species  an  advan- 
tage over  another.     Probably  in  no  single 
instance   should  we   know  what  to  do. 
This  ought  to  convince  us  of  our  igno- 
rance on  the  mutual  relations  of  all  or- 
ganic beings  ;  a  conviction  as  necessary, 
as  it  is  difficult  to  acquire.     All  that  we 
can  do,  is  to  keep  steadily  in  mind  that 
each  organic  being  is  striving  to  increase 
in  a  geometrical  ratio  ;  that  each  at  some 
period  of  its  life  during  some  season  of 
the  year,  during  each  generation  or  at  in- 
tervals, has  to  struggle  for  life  and  to  suf- 
fer great  destruction.    When  we  reflect 
on  this  struggle,  we  may  console  ourselves 
with  the  full  belief,  that  the  war  of  nature 
is  not  incessant,  that  no  fear  is  felt,  that 
death  is  generally  prompt,  and  that  the 
vigorous,  the  healthy,  and  the  happy  sur- 
vi-'e  ai.d  multiply. 

CHAPTER  IV. 

NATURAL    SELECTION;    OR,  THE    SUR- 
VIVAL OF  THE  FITTEST. 

Natural  Selection — its  power  compared  with  man's 
selection— its  power  on  characters  of  trifling 
importance— its  power  at  all  ages  and  on  both 
sexes— Sexual  Selection— On  the  generality  of 
intercrosses  between  individuals  of  the  same 
species — Circumstances  favorable  and  unfavor- 
able to  the  results  of  Natural  Selection,  namely, 
intercrossing,  isolation,  number  of  individuals 
—Slow  action— Extinction  caused  by  Natural 
Selection — Divergence  of  Character,  related  to 
the  diversity  of  inhabitants  of  any  small  area, 
and  to  naturalization — Action  of  Natural  Se- 
lection, through  Divergence  of  Character,  and 
Extinction,  on  the  descendants  from  a  common 
parent— Explains  the  grouping  of  all  organic 
beings — Advance  in  organization — Low  forms 
preserved — Convergence  of  character — Indefi- 
nite multiplication  of  species— Summary. 


log.  How  will  the  struggle  for  exist- 
ence, briefly  discussed  in  the  last  chapter, 
act  in  regard  to  variation  ?  Can  the  prin- 
ciple of  selection,  which  we  have  seen  is 
so  potent  in  the  hands  of  man,  apply  un- 
der nature?  I  think  we  shall  see  that  it 
can  act  most  efficiently.  Let  the  endless 
number  of  slight  variations  and  individual 
differences  occurring  in  our  domestic  pro- 
ductions, and,  in  a  lesser  degree,  in  those 
under  nature,  be  borne  in  mind ;  as  well 
as  the  strength  of  the  hereditary  tendency. 
Under  domestication,  it  may  be  truly  said 
that  the  whole  organization  becomes  in 
some  degree  plastic.  But  the  variability, 
which  we  almost  universally  meet  with  in 
our  domestic  productions,  is  not  directly 
produced,  as  Hooker  and  Asa  Gray  have 
well  remarked,  by  man;  he  can  neither 
originate  varieties,  nor  prevent  their  oc- 
currence ;  he  can  only  preserve  and  ac- 
cumulate such  as  do  occur.  Uninten- 
tionally he  exposes  organic  beings  to  new 
and  changing  conditions  of  life,  and  varia- 
bility ensues ;  but  similar  changes  of  con- 
ditions might  and  do  occur  under  nature. 
Let  it  also  be  borne  in  mind  how  infinitely 
complex  and  close-fitting  are  the  mutual 
relations  of  all  organic  beings  to  each 
other  and  to  their  physical  conditions  of 
life  ;  and  consequently  what  infinitely  va- 
ried diversities  of  structure  might  be  of 
use  to  each  being  under  changing  condi- 
tions of  life.  Can  it,  then,  be  thought  im- 
probable, seeing  that  variations  useful  to 
man  have  undoubtedly  occurred,  that 
other  variations  useful  in  some  way  to 
each  being  in  the  great  and  complex  bat- 
tle of  life,  should  occur  in  the  course  of 
many  successive  generations  ?  If  such  do 
occur,  can  we  doubt  (remembering  that 
many  more  individuals  are  born  than  can 
possibly  survive)  that  individuals  having 
any  advantage,  however  slight,  over  oth- 
ers, would  have  the  best  chance  of  sur- 
viving and  of  procreating  their  kind  ?  On 
the  other  hand,  we  may  feel  sure  that  any 
variation  in  the  least  degree  injurious 
would  be  rigidly  destroyed.  This  preser- 
vation of  favorable  individual  differences 
and  variations,  and  the  destruction  of 
those  which  are  injurious,  I  have  called 
Natural  Selection,  or  the  Survival  of  the 
Fittest.  Variations  neither  useful  nor  in- 
jurious would  not  be  affected  by  natural 
selection,  and  would  be  left  either  a  fluct- 
uating element,  as  perhaps  we  see  in  cer- 
tain polymorphic  species,  or  would  ulti- 
mately become  fixed,  owing  to  the  nature 
of  the  organism  and  the  nature  of  the 
conditions. 

no,  Several    writers   have   misapprc 
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hended  or  objected  to  the  term  Natural 
Selection.  Some  have  even  imagined 
that  natural  selection  induces  variability, 
\vhereas  it  implies  only  the  preservation 
of  such  variations  as  arise  and  are  benefi- 
cial to  the  being  under  its  conditions  of 
life.  No  one  objects  to  agriculturists 
speaking  of  the  potent  effects  of  man's 
selection  ;  and  in  this  case  the  individual 
differences  given  by  nature,  which  man 
for  some  object  selects,  must  of  necessity 
first  occur.  Others  have  objected  that 
the  term  selection  implies  conscious  choice 
in  the  animals  which  become  modified ; 
and  it  has  even  been  urged  that,  as  plants 
have  no  volition,  natural  selection  is  not 
applicable  to  them  !  In  the  literal  sense 
of  the  word,  no  doubt,  natural  selection  is 
a  false  term ;  but  whoever  objected  to 
chemists  speaking  of  the  elective  affinities 
of  the  various  elements  ? — and  yet  an 
acid  cannot  strictly  be  said  to  elect  the 
base  with  which  it  in  preference  combines. 
It  has  been  said  that  I  speak  of  natural 
selection  as  an  active  power  or  Deity ;  but 
\vho  objects  to  an  author  speaking  of  the 
attraction  of  gravity  as  ruling  the  move- 
ments of  the  planets  ?  Every  one  knows 
what  is  meant  and  is  implied  by  such  met- 
aphorical expressions ;  and  they  are  al- 
most necessary  for  brevity.  So  again  it 
is  difficult  to  avoid  personifying  the  word 
Nature;  but  I  mean  by  Nature,  only  the 
aggregate  action  and  product  of  many 
natural  laws,  and  by  laws  the  sequence 
of  events  as  ascertained  by  us.  With  a 
little  familiarity  such  superficial  objections 
will  be  forgotten. 

in.  We  shall  best  understand  the 
probable  course  of  natural  selection  by 
taking  the  case  of  a  country  undergoing 
some  slight  physical  change,  for  instance, 
of  climate.  The  proportional  numbers  of 
its  inhabitants  will  almost  immediately 
undergo  a  change,  and  some  species  will 
probably  become  extinct.  We  may  con- 
clude, from  what  we  have  seen  of  the  in- 
timate and  complex  manner  in  which  the 
inhabitants  of  each  country  are  bound  to- 
gether, that  any  change  in  the  numerical 
proportions  of  the  inhabitants,  independ- 
ently of  the  change  of  climate  itself,  would 
seriously  affect  the  others.  If  the  coun- 
try were  open  on  its  borders,  new  forms 
would  certainly  immigrate,  and  this  would 
likewise  seriously  disturb  the  relations  of 
some  of  the  former  inhabitants.  Let  it 
be  remembered  how  powerful  the  influ- 
ence of  a  single  introduced  tree  or  mam- 
mal has  been  shown  to  be.  But  in  the 
case  of  an  island,  or  of  a  country  partly 
surrounded  by  barriers,  into  which  new 


and  better  adapted  forms  could  not  freely 
enter,  we  should  then  have  places  in  the 
economy  of  nature  which  would  assuredly 
be  better  filled  up,  if  some  of  the  original 
inhabitants  were  in  some  manner  modi- 
fied ;  for,  had  the  area  been  open  to  im- 
migration, these  same  places  would  have 
been  seized  on  by  intruders.  In  such 
cases,  slight  modifications,  which  in  any 
way  favored  the  individuals  of  any  species, 
by  better  adapting  them  to  their  altered 
conditions,  would  tend  to  be  preserved ; 
and  natural  selection  would  have  free 
scope  for  the  work  of  improvement. 

1 1 2.  We  have  good  reason  to  believe, 
as  shown  in  the  first  chapter,  that  changes 
in  the  conditions  of  life  give  a  tendency 
to  increased  variability  ;  and  in  the  fore- 
going cases  the  conditions  have  changed, 
and  this  would  manifestly  be  favorable  to 
natural  selection,  by  affording  a  better 
chance  of  the  occurrence  of  profitable  va- 
riations. Unless  such  occur,  natural  se- 
lection can  do  nothing.  Under  the  term 
of  "variations,"  it  must  never  be  forgot- 
ten that  mere  individual  differences  are 
included.  As  man  can  produce  a  great 
result  with  his  domestic  animals  and 
plants  by  adding  up  in  any  given  direc- 
tion individual  differences,  so  could  natu- 
ral selection,  but  far  more  easily,  from 
having  incomparably  longer  time  for  ac- 
tion. Nor  do  I  believe  that  any  great 
physical  change,  as  of  climate,  or  any  un- 
usual degree  of  isolation  to  check  immi- 
gration, is  necessary  in  order  that  new 
and  unoccupied  places  should  be  left,  for 
natural  selection  to  fill  up  by  improving 
some  of  the  varying  inhabitants.  For  as 
all  the  inhabitants  of  each  country  are 
struggling  together  with  nicely  balanced 
forces,  extremely  slight  modifications  in 
the  structure  or  habits  of  one  species 
would  often  give  it  an  advantage  over 
others  ;  and  still  further  modifications  of 
the  same  kind  would  often  still  further  in- 
crease the  advantage,  as  long  as  the  spe- 
cies continued  under  the  same  conditions 
of  life  and  profited  by  similar  means  of 
subsistence  and  defense.  No  country 
can  be  named  in  which  all  the  native  in- 
habitants are  now  so  perfectly  adapted  to 
each  other  and  to  the  physical  conditions 
under  which  they  live,  that  none  of  them 
could  be  still  better  adapted  or  improved  ; 
for  in  all  countries,  the  natives  have  been 
so  far  conquered  by  naturalized  produc- 
tions, that  they  have  allowed  some  for- 
eigners to  take  firm  possession  of  the 
land.  And  as  foreigners  have  thus  in 
every  country  beaten  some  of  the  natives, 
we  may  safely  conclude  that  the  natives 
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might  have  been  modified  with  advantage, 
so  as  to  have  better  resisted  the  intruders. 

113.  As  man  can  produce,  and   cer- 
tainly has   produced,  a  great  result  by 
his  methodical  and   unconscious  means 
of  selection,  what  may  not  natural  selec- 
tion effect?     Man  can  act  only  on  exter- 
nal and  visible  characters :  Nature,  if  I 
may  be  allowed  to  personify  the  natural 
preservation    or  survival  of    the   fittest, 
cares  nothing  for  appearances,  except  in 
so  far  as  they  are  useful  to  any  being. 
She  can  act  on  every  internal  organ,  on 
every  shade  of  constitutional  difference, 
on  the   whole  machinery  of  life.     Man 
selects  only  for  his  own  good :  Nature 
only  for  that  of    the  being  which  she 
tends.    Every  selected  character  is  fully 
exercised  by  her,  as  is  implied   by  the 
fact  of  their  selection.     Man  keeps  the 
natives  of  many  climates  in   the  same 
country ;  he  seldom  exercises    each  se- 
lected character  in  some   peculiar  and 
fitting  manner;  he   feeds  a  long  and  a 
short  beaked  pigeon  on  the  same  food; 
he  does  not  exercise  a  long-backed  or 
long-legged  quadruped   in  any  peculiar 
manner  ;  he  exposes  sheep  with  long  and 
short  wool  to  the  same  climate.     He  does 
not  allow  the  most  vigorous  males  to 
struggle  for  the  females.    He  does  not  rig- 
idly destroy  all  inferior  animals,  but  pro- 
tects during  each  varying  season,  as  far 
as  lies  in  his  power,  all  his  productions. 
He  often  begins  his  selection  by  some 
half-monstrous  form ;  or  at  least  by  some 
modification  prominent  enough  to  catch 
the  eye  or  to  be  plainly  useful  to  him. 
Under  nature,  the  slightest  differences  of 
structure  or  constitution  may  well  turn 
the  nicely-balanced  scale  in  the  struggle 
for    life,   and   so    be  preserved.      How 
fleeting    are   the    wishes  and  efforts  of 
man !  how  short  his  time !  and  conse- 
quently how   poor  will    be  his  results, 
compared   with    those    accumulated    by 
Nature  during  whole  geological  periods ! 
Can  we  wonder,  then,  that  Nature's  pro- 
ductions should  be  far  "  truer  "  in  charac- 
ter than  man's  productions ;  that  they 
should  be  infinitely  better  adapted  to  the 
most    complex    conditions  of    life,    and 
should  plainly  bear  the  stamp  of  far  high- 
er workmanship  ? 

1 14.  It  may  metaphorically  be  said  that 
natural  selection  is  daily  and  hourly  scru- 
tinizing, throughout  the  world,  the  slight- 
est variations ;   rejecting  those  that  are 
bad,  preserving  and  adding  up  all  that  are 
good;    silently  and    insensibly  working, 
whenever    and    wherever     opportunity 
offers,  at  the  improvement  of  each  organic 


aeing  in  relation  to  its  organic  and  inor- 
ganic conditions  of  life.  We  see  nothing 
of  these  slow  changes  in  progress,  until 
the  hand  of  time  has  marked  the  lapse  of 
ages,  and  then  so  imperfect  is  our  view 
into  long-past  geological  ages,  that  we  see 
only  that  the  forms  of  life  are  now  differ- 
ent from  what  they  formerly  were. 

115.  In  order  that  any  great  amount  of 
modification  should  be  effected  in  a  spe- 
cies, a  variety  when  once  formed  must 
again,  perhaps  after  a  long  interval  of 
time,  vary  or   present  individual  differ- 
ences of  the  same  favorable  nature  as  be- 
fore ;  and  these  must  be  again  preserved, 
and  so  onward  step  by  step.     Seeing  that 
individual  differences  of  the  same  kind 
perpetually  recur,  this  can  hardly  be  con- 
sidered as  an  unwarrantable  assumption. 
But  whether  it  is  true,  we  can  judge  only 
by  seeing  how  far  the  hypothesis  accords 
with  and  explains  the  general  phenomena 
of  nature.     On  the  other  hand,  the  ordi- 
nary belief  that  the  amount  of  possible 
variation  is  a  strictly  limited  quantity  is 
likewise  a  simple  assumption. 

1 1 6.  Although  natural  selection  can  act 
only  through  and  for  the  good  of  each  be- 
ing, yet  characters  and  structures,  which 
we  are  apt  to  consider  as  of  very  trifling 
importance,  may  thus  be  acted  on.     When 
we  see  leaf-eating  insects  green,  and  dark- 
feeders  mottled-gray;  the  alpine  ptarmi- 
gan white  in  winter,  the  red-grouse  the 
color  of  heather,  we   must  believe   that 
these  tints  are  of  service  to  these  birds 
and  insects  in  preserving  them  from  dan- 
ger.    Grouse,  if  not  destroyed  at  some  pe- 
riod of  their  lives,  would  increase  in  count- 
less numbers ;  they  are  known  to  suffer 
largely  from  birds  of  prey;  and   hawks 
ars  guided  by  eyesight  to  their  prey — so 
much  so,  that  on  parts  of  the  Continent 
persons  are  warned   not  to  keep  white 
pigeons,  as  being  the  most  liable  to  de- 
struction.    Hence  natural  selection  might 
be  effective  in  giving  the  proper  color  to 
each   kind  of  grouse,  and  in  keeping  that 
color,  when  once  acquired,  true  and  con- 
stant.    Nor  ought  we  to  think  that  the 
occasional  destruction  of  an  animal  of 
any  particular  color  would  produce  little 
effect :  we   should    remember  how    es- 
sential it  is  in  a  flock  of  white  sheep  to 
destroy  a  lamb  with   the   faintest  trace 
of  black.     We  have  seen  how  the  color 
of  the  hogs,  which  feed  on  the  "  paint- 
root"    in  Virginia,   determines  whether 
they  shall   live  or  die.      In  plants,  the 
down  on  the  fruit  and  the  color  of  the 
flesh  are  considered  by  botanists  as  char- 
acters of  the  mo?*  trifling  importance :  yet 
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we  hear  from  an  excellent  horticulturist, 
Downing,  that  in  the  United  States 
smooth-skinned  fruits  suffer  far  more 
from  a  beetle,  a  Curculio,  than  those  with 
down  ;  that  purple  plums  suffer  far  more 
from  a  certain  disease  than  yellow  plums ; 
whereas  another  disease  attacks  yellow- 
fleshed  peaches  far  more  than  those  with 
other  colored  flesh.  If,  with  all  the  aids 
of  art,  these  slight  differences  make  a 
great  difference  in  cultivating  the  several 
varieties,  assuredly,  in  a  state  of  nature, 
where  the  trees  would  have  to  struggle 
with  other  trees  and  with  a  host  of 
enemies,  such  differences  would  effectu- 
ally settle  which  variety,  whether  a  smooth 
or  downy,  a  yellow  or  purple  fleshed  fruit, 
should  succeed. 

117.  In  looking  at  many  small  points  of 
difference  between  species,  which,  as  far 
as  our  ignorance  permits  us  to  judge,  seem 
quite  unimportant,  we  must  not   forget 
that  climate,  food,  etc.,  have  no  doubt  pro- 
duced some  direct  effect.     It  is  also  nec- 
essary to  bear  in  mind  that,  owing  to  the 
law  of  correlation,  when  one  part  varies, 
and     the     variations     are     accumulated 
through  natural  selection,  other  modifica- 
tions, often  of  the  most  unexpected  nature, 
will  ensue. 

1 1 8.  As  we  see  that  those  variations 
which,  under  domestication  appear  at  any 
particular  period  of  life,  tend  to  reappear  in 
the  offspring  at  the  same  period  ; — for  in- 
stance, in  the  shape,  size,  and  flavor  of  the 
seeds  of  the  many  varieties  of  our  culinary 
and  agricultural  plants  ;  in  the  caterpillar 
and  cocoon  stages  of  the  varieties  of  the 
silkworm ;  in  the  eggs  of  poultry,  and  in 
the  color  of  the  down  of  their  chickens  ; 
in  the  horns  of  our  sheep  and  cattle  when 
nearly  adult ; — so  in  a  state  of   nature, 
natural  selection  will  be  enabled  to  act  on 
and  modify  organic  beings  at  any  age,  by 
the  accumulation  of  variations  profitable 
at  that  age,  and  by  their  inheritance  at  a 
corresponding  age.     If  it  profit  a  plant  to 
have  its  seeds  more  and  more  widely  dis- 
seminated by  the   wind,    I   can   see   no 
greater   difficulty  in   this    being   effected 
through    natural    selection,   than   in   the 
cotton-planter  increasing  and  improving 
by  selection  the  down  in  the  pods  on  his 
cotton-trees.    Natural  selection  may  mod- 
ify and  adapt  the  larva  of   an  insect  to  a 
score  of  contingencies,   wholly  different 
from  those  which  concern  the  mature  in- 
sect ;  and  these  modifications  may  affect, 
through  correlation,  the  structure  of  the 
adult.      So,  conversely,  modifications  in 

e   adult   may   affect    the   structure   of 
e  larva ;  but  in  all  cases  natural  selection 


will  ensure  that  they  shall  not  be  injurious , 
for  if  they  were  so,  the  species  would  be- 
come extinct. 

119.  Natural  selection  will  modify  the 
structure  of  the  young  in  relation  to  the 
parent,  and  of  the  parent  in  relation  to  the 
young.     In  social  animals  it  will  adapt  the 
structure  of  each  individual  for  the  benefit 
of  the  whole  community ;  if  the  commu- 
nity profits  by  the  selected  change.     What 
natural  selection  cannot  do,  is  to  modify 
the  structure  of  one  species,  without  giv- 
ing it  any  advantage,  for  the  good  of  an- 
other species ;  and  though  statements  to 
this  effect  may  be  found  in  works  of  nat- 
ural history,  I  cannot  find  one  case  which 
will  bear  investigation.     A  structure  used 
only  once  in  an  animal's  life,  if  of  high 
importance  to  it,  might  be  modified  to  any 
extent  by  natural  selection ;  for  instance, 
the  great  jaws  possessed  by  certain  in- 
sects, used  exclusively  for  opening  the 
cocoon — or  the  hard  tip  to  the  beak  oi 
unhatched  birds,  used  for  breaking  the 
egg.     It  has  been  asserted,  that  of  the 
best     short-beaked     tumbler-pigeons     a 
greater  number  perish  in  the  egg  than 
are  able  to  get  out  of  it ;   so  that  fanciers 
assist  in  the  act  of  hatching.     Now  if  na- 
ture had  to  make  the  beak  of  a  full-grown 
pigeon  very  short  for  the  bird's  own  ad- 
vantage,   the    process    of    modification 
would  be  very  slow,  and  there  would  be 
simultaneously  the  most  rigorous  selection 
of  all  the  young  birds  within  the  egg,  which 
had  the  most  powerful  and  hardest  beaks, 
for  all  with  weak  beaks  would  inevitably 
perish ;  or,  more  delicate  and  more  easily 
broken  shells  might  be  selected,  the  thick- 
ness of  the  shell  being  known  to  vary  like 
every  other  structure. 

1 20.  It  may  be  well  here  to  remark  that 
with  all  beings  there  must  be  much  fortu- 
itous destruction,  which  can  have  little  or 
no  influence  on  the  course  of  natural  se- 
lection.    For  instance  a  vast  number  of 
eggs  or  seeds  are  annually  devoured,  and 
these  could  be  modified  through  natural 
selection  only  if  they  varied  in  some  man- 
ner which  protected  them  from  their  ene- 
mies.    Yet  many  of  these  eggs  or  seeds 
would   perhaps,   if  not  destroyed,   have 
yielded  individuals  better  adapted  to  their 
conditions  of  life  than  any  of  those  which 
happened  to  survive.     So  again  a  vast 
number  of   mature  animals   and  plants, 
whether  or  not  they  be  the  best  adapted 
to  their  conditions,  must  be  annually  de- 
stroyed by  accidental  causes,  which  would 
not  be  in  the  least  degree  mitigated  by 
certain  changes  of  structure  or  constitu- 
tion which  would  in  other  ways  be  bene- 


37 


128 


BEACON  LIGHTS  OF  SCIENCE. 


ticial  to  the  species.  But  let  the  destruc- 
tion of  the  adults  be  ever  so  heavy,  if  the 
number  which  can  exist  in  any  district  be 
not  wholly  kept  down  by  such  causes,— 
or  again  let  the  destruction  of  eggs  or 
seeds  be  so  great  that  only  a  hundredth 
or  a  thousandth  part  are  developed,— yet 
of  those  which  do  survive,  the  best  adapt- 
ed individuals,  supposing  that  there  is 
any  variability  in  a  favorable  direction, 
will  tend  to  propagate  their  kind  in  larger 
numbers  than  the  less  well  adapted.  If 
the  numbers  be  wholly  kept  down  by  the 
causes  just  indicated,  as  will  often  have 
been  the  case,  natural  selection  will  be 
powerless  in  certain  beneficial  directions  ; 
but  this  is  no  valid  objection  to  its  effi- 
ciency at  other  times  and  in  other  ways ; 
for  we  are  far  from  having  any  reason  to 
suppose  that  many  species  ever  undergo 
modification  and  improvement  at  the  same 
time  in  the  same  area. 

Sexual  Selection. 

121.  Inasmuch  as  peculiarities  often 
appear  under  domestication  in  one  sex 
and  become  hereditarily  attached  to  that 
sex,  so  no  doubt  it  will  be  under  nature. 
Thus  it  is  rendered  possible  for  the  two 
sexes  to  be  modified  through  natural  se- 
lection in  relation  to  different  habits  of 
life,  as  is  sometimes  the  case  ;  or  for  one 
sex  to  be  modified  in  relation  to  the  other 
sex,  as  commonly  occurs.  This  leads  me 
to  say  a  few  words  on  what  I  have  called 
Sexual  Selection.  This  form  of  selection 
depends,  not  on  a  struggle  for  existence 
in  relation  to  other  organic  beings  or  to 
external  conditions,  but  on  a  struggle  be- 
tween the  individuals  of  one  sex,  gener- 
ally the  males,  for  the  possession  of  the 
other  sex.  The  result  is  not  death  to  the 
unsuccessful  competitor,  but  few  or  no 
offspring.  Sexual  selection  is,  therefore, 
less  rigorous  than  natural  selection. 
Generally,  the  most  vigorous  males, 
those  which  are  best  fitted  for  their  places 
in  nature,  will  leave  most  progeny.  But 
in  many  cases,  victory  depends  not  so 
much  on  general  vigor,  as  on  having  spe- 
cial weapons,  confined  to  the  male  sex. 
A  hornless  stag  or  spurless  cock  would 
have  a  poor  chance  of  leaving  numerous 
offspring.  Sexual  selection,  by  always 
allowing  the  victor  to  breed,  might  surely 
give  indomitable  courage,  length  to  the 
spur,  and  strength  to  the  wing  to  strike 
in  the  spurred  leg,  in  nearly  the  same 
manner  as  does  the  brutal  cockfighter  by 
the  careful  selection  of  his  best  cocks. 
How  low  in  the  scale  of  nature  the  law 
of  battle  descends,  I  know  not ;  male  al- 


ligators have  been  described  ar,  fighting 
bellowing,  and  whirling  round,  /ike  In- 
dians in  a  war-dance,  for  the  possession 
of  the  females ;  male  salmons  have  been 
observed  fighting  all  day  long ;  male 
stag-beetles  sometimes  bear  wounds  from 
the  huge  mandibles  of  other  males ;  the 
males  of  certain  hymenopterous  insects 
have  been  frequently  seen  by  that  inimit- 
able observer  M.  Fabre,  fighting  for  a 
particular  female  who  sits  by,  an  appar- 
ently unconcerned  beholder  of  the  strug- 
gle, and  then  retires  with  the  conqueror. 
The  war  is,  perhaps,  severest  between 
the  males  of  polygamous  animals,  and 
these  seem  oftenest  provided  with  special 
weapons.  The  males  of  carnivorous  ani- 
mals are  already  well  armed ;  though  to 
them  and  to  others,  special  means  of  de- 
fense may  be  given  through  means  of 
sexual  selection,  as  the  mane  to  the  lion, 
and  the  hooked  jaw  to  the  male  salmon  ; 
for  the  shield  may  be  as  important  for 
victory,  as  the  sword  or  spear. 

122.  Among  birds,  the  contest  is  often 
of  a  more  peaceful  character.  All  those 
who  have  attended  to  the  subject,  believe 
that  there  is  the  severest  rivalry  between 
the  males  of  many  species  to  attract,  by 
singing,  the  females.  The  rock-thrush 
of  Guiana,  birds  of  paradise,  and  some 
others,  congregate ;  and  successive  males 
display  with  the  most  elaborate  care,  and 
show  off  in  the  best  manner  their  gor- 
geous plumage;  they  likewise  perform 
strange  antics  before  the  females,  which, 
standing  by  as  spectators,  at  last  choose 
the  most  attractive  partner.  Those  who 
have  closely  attended  to  birds  in  confine- 
ment well  know  that  they  often  take  in- 
dividual preferences  and  dislikes :  thus 
Sir  R.  Heron  has  described  how  a  pied 
peacock  was  eminently  attractive  to  all 
his  hen  birds.  I  cannot  here  enter  on 
the  necessary  details ;  but  if  man  can  in 
a  short  time  give  beauty  and  an  elegant 
carriage  to  his  bantams,  according  to  his 
standard  of  beauty,  I  can  see  no  good 
reason  to  doubt  that  female  birds,  by  se- 
lecting, during  thousands  of  generations, 
the  most  melodious  or  beautiful  males, 
according  to  their  standard  of  beauty, 
might  produce  a  marked  effect.  Some 
well-known  laws,  with  respect  to  the  plu- 
mage of  male  and  female  birds,  in  com- 
parison with  the  plumage  of  the  young, 
can  partly  be  explained  through  the  ac- 
tion of  sexual  selection  on  variations  oc- 
curring at  different  ages,  and  transmitted 
to  the  males  alone  or  to  both  sexes  at 
corresponding  ages  ;  but  I  have  not  space 
here  to  enter  on  this  subject. 


ORIGIN  OF  SPECIES. 


129 


1 23.  Thus  it  is,  as  I  believe,  that  when 
.he  males  and  females  of  any  animal  have 
the  same  general  habits  of  life,  but  differ 
in  structure,  color,  or  ornament,  such  dif- 
ferences have  been  mainly  caused  by  sex- 
ual selection :  that  is,  by  individual  males 
having    had,   in    successive   generations, 
some  slight  advantage  over  other  males, 
in  their  weapons,   means  of  defense,  or 
charms,  which  they  have  transmitted  to 
their  male  offspring  alone.     Yet,  I  would 
not  wish  to  attribute  all  sexual  differences 
.to  this  agency :  for  we  see  in  our  domes- 
tic animals  peculiarities  arising  and  be- 
coming attached  to  the  male  sex,  which 
apparently  have    not    been    augmented 
through  selection  by  man.     The  tuft  of 
hair  on  the  breast  of  the  wild  turkey-cock 
cannot  be  of  any  use,  and  it  is  doubtful 
whether  it  can  be  ornamental  in  the  eyes 
of  the  female  bird  ; — indeed,  had  the  tuft 
appeared  under  domestication,  it  would 
have  been  called  a  monstrosity. 

Illustrations  of  the  Action  of  Natural 
Selection,  or  the  Survival  of  the  Fit- 
test. 

124.  In  order  to  make  it  clear  how,  as 
I   believe,  natural  selection  acts,  I  must 
beg  permission  to  give  one  or  two  imag- 
inary illustrations.     Let  us  take  the  case 
of  a  wolf,  which  preys  on  various  ani- 
mals, securing  some  by  craft,  some  by 
strength,  and  some  by  fleetness ;  and  let 
us  suppose  that  the  fleetest  prey,  a  deer 
for  instance,  had  from  any  change  in  the 
country  increased   in   numbers,    or  that 
other  prey   had   decreased   in  numbers, 
during  that  season  of  the  year  when  the 
wolf    was     hardest     pressed     for    food. 
Under  such  circumstances   the   swiftest 
and  slimmest  wolves  would  have  the  best 
chance  of  surviving,  and  so  be  preserved 
or  selected, — provided  always  that  they 
retained  strength  to  master  their  prey  at 
this  or  some  other  period  of  the  year, 
when  they  were  compelled   to  prey  on 
other  animals.     I  can  see  no  more  reason 
to  doubt  that  this  would  be  the  result, 
than  that  man  should  be  able  to  improve 
the  fleetness  of  his  greyhounds  by  careful 
and  methodical  selection,  or  by  that  kind 
of  unconscious   selection  which   follows 
from  each  man  trying  to  keep  the  best 
dogs  without  any  thought  of  modifying 
the  breed.     I  may  add,  that,  according  to 
Mr.  Pierce,  there  are  two  varieties  of  the 
wolf  inhabiting  the  Catskill  Mountains  in 
the  United  States,  one  with  a  light  grey- 
hound-like form,  which  pursues  deer,  and 
the  other  more  bulky,  with  shorter  legs, 


which  more  frequently  attacks  the  shep- 
herd's flocks. 

125.  It  should  be  observed  that,  in  the 
above  illustration,  I  speak  of  the  slimmest 
individual  wolves,  and  not  of  any  single 
strongly-marked  variation  having  been 
preserved.  In  former  editions  of  this 
work  I  sometimes  spoke  as  if  this  latter 
alternative  had  frequently  occurred.  I 
saw  the  great  importance  of  individual 
differences,  and  this  led  me  fully  to  dis- 
cuss the  results  of  unconscious  selection 
by  man,  which  depends  on  the  preserva- 
tion of  all  the  more  or  less  valuable  indi- 
viduals, and  on  the  destruction  of  the 
worst.  I  saw,  also,  that  the  preservation 
in  a  state  of  nature  of  any  occasional  de- 
viation of  structure,  such  as  a  monstros- 
ity, would  be  a  rare  event ;  and  that,  if 
at  first  preserved,  it  would  generally  be 
lost  by  subsequent  intercrossing  with  or- 
dinary individuals.  Nevertheless,  until 
reading  an  able  and  valuable  article  in 
the  '  North  British  Review  '  (1867),  I  did 
not  appreciate  how  rarely  single  varia- 
tions, whether  slight  or  strongly-marked, 
could  be  perpetuated.  The  author  takes 
the  case  of  a  pair  of  animals,  producing 
during  their  lifetime  two  hundred  off- 
spring, of  which,  from  various  causes  of 
destruction,  only  two  on  an  average  sur- 
vive to  pro-create  their  kind.  This  is 
rather  an  extreme  estimate  for  most  of 
the  higher  animals,  but  by  no  means  so 
for  many  of  the  lower  organisms.  He 
then  shows  that  if  a  single  individual 
were  born,  which  varied  in  some  man- 
ner, giving  it  twice  as  good  a  chance  of 
life  as  that  of  the  other  individuals,  yet 
the  chances  would  be  strongly  against  its 
survival.  Supposing  it  to  survive  and  to 
breed,  and  that  half  its  young  inherited 
the  favorable  variation ;  still,  as  the  Re- 
viewer goes  on  to  show,  the  young  would 
have  only  a  slightly  better  chance  of  sur- 
viving and  breeding ;  and  this  chance 
would  go  on  decreasing  in  the  succeed- 
ing generations.  The  justice  of  these 
remarks  cannot,  I  think,  be  disputed.  If, 
for  instance,  a  bird  of  some  kind  could 
procure  its  food  more  easily  by  having  its 
beak  curved,  and  if  one  were  born  with 
its  beak  strongly  curved,  and  which  con- 
sequently flourished,  nevertheless  there 
would  be  a  very  poor  chance  of  this  one 
individual  perpetuating  its  kind  to  the  ex- 
clusion of  the  common  form ;  but  there 
can  hardly  be  a  doubt,  judging  by  what 
we  see  taking  place  under  domestication, 
that  this  result  would  follow  from  the 
preservation  during  many  generations  of 
a  large  number  of  individuals  with  more 
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or  less  strongly  curved  beaks,  and  from 
the  destruction  of  a  still  large  rnumber 
with  the  straightest  beaks. 

1 26.  It  should  not,  however,  be  over- 
looked    that     certain     rather     strongly 
marked  variations,  which  no  one  would 
rank  as  mere  individual  differences,  fre- 
quently recur  owing  to  a  similar  organi- 
zation   being    similarly    acted    on, — of 
which  fact  numerous  instances  could  be 
given  with  our  domestic  productions.     In 
such  cases,  if  the  varying  individual  did 
not  actually  transmit  to  its  offspring  its 
newly-acquired  character,  it  would  un- 
doubtedly transmit  to  them,  as  long  as 
the    existing    conditions    remained    the 
same,  a  still  stronger  tendency  to  vary  in 
the  same  manner.    There  can  also  be 
little  doubt  that  the  tendency  to  vary  in 
the  same  manner    has  often  been    so 
strong  that  all  the  individuals  of  the  same 
species  have  been  similarly  modified  with- 
out the  aid  of  any  form  of  selection.     Or 
only  a  third,  fifth,  or  tenth  part  of  the  in- 
dividuals may  have  been  thus  affected,  of 
which  fact  several  instances   could    be 
given.    Thus  Graba  estimates  that  about 
one-fifth  of  the  guillemots  in  the  Faroe 
Islands    consist    of    a    variety  so    well 
marked,  that  it  was  formerly  ranked  as  a 
distinct  species  under  the  name  of  Uria 
lacrymans.     In  cases  of  this  kind,  if  the 
variation  were  of  a  beneficial  nature,  the 
original  form  would  soon  be  supplanted 
by  the  modified  form,  through  the  sur- 
vival of  the  fittest. 

127.  To  the  effects  of  intercrossing  in 
eliminating  variations  of  all  kinds,  I  shall 
have  to  recur ;  but  it  may  be  here  re- 
marked that  most  animals  and    plants 
keep  to  their  proper  homes,  and  do  not 
needlessly  wander  about ;    we   see   this 
even  with  migratory  birds,  which  almost 
always  return  to  the  same  spot.     Conse- 
quently each  newly-formed  variety  would 
generally  be  at  first  local,  as  seems  to  be 
the  common  rule  with  varieties  in  a  state 
of  nature  ;  so  that  similarly  modified  in- 
dividuals would  soon  exist  in  a  small 
body  together,  and  would  often  breed  to- 
gether.    If  the  new  variety  were  success- 
ful in  its  battle   for  life,  it  would   slowly 
spread  from  a  central  district,  competing 
with  and  conquering  the  unchanged  in- 
dividuals on  the  margins  of  an  ever-in- 
creasing circle. 

128.  It  may  be  worth  while   to  give 
another  and  more  complex  illustration  of 
the  action  of  natural  selection.     Certain 
plants  excrete  sweet  juice,  apparently  for 


the  sake  of  eliminating  something  inju- 
rious from  the  sap:  this  is  effected,  for 
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instance,  by  glands  at  the  base  of  the 
stipules  in  some  Leguminosae,  and  at  the 
backs  of  the  leaves  of  the  common  laurel. 
This  juice,  though  small  in  quantity,  is 
greedily  sought  by  insects  ;  but  their  visits 
do  not  in  any  way  benefit  the  plant. 
Now,  let  us  suppose  that  the  juice  or 
nectar  was  excreted  from  the  inside  of 
the  flowers  of  a  certain  number  of  plants 
of  any  species.  Insects  in  seeking  the 
nectar  would  get  dusted  with  pollen,  and 
would  often  transport  it  from  one  flower 
to  another.  The  flowers  of  two  distinct 
individuals  of  the  same  species  would 
thus  get  crossed  ;  and  the  act  of  crossing, 
as  can  be  fully  proved,  gives  rise  to  vig- 
orous seedlings,  which  consequently 
would  have  the  best  chance  of  flourishing 
and  surviving.  The  plants  which  pro- 
duced flowers  with  the  largest  glands  or 
nectaries,  excreting  most  nectar,  would 
oftenest  be  visited  by  insects,  and  would 
oftenest  be  crossed ;  and  so  in  the  long- 
run  would  gain  the  upper  hand  and  form 
a  local  variety.  The  flowers,  also,  which 
had  their  stamens  and  pistils  placed,  in 
relation  to  the  size  and  habits  of  the  par- 
ticular insect  which  visited  them,  so  as 
to  favor  in  any  degree  the  transportal  of 
the  pollen,  would  likewise  be  favored. 
We  might  have  taken  the  case  of  insects 
visiting  flowers  for  the  sake  of  collecting 
pollen  instead  of  nectar  ;  and  as  pollen  is 
formed  for  the  sole  purpose  of  fertiliza- 
tion, its  destruction  appears  to  be  a  sim- 
ple loss  to  the  plant ;  yet  if  a  little  pollen 
were  carried,  at  first  occasionally  and 
then  habitually,  by  the  pollen-devouring 
insects  from  flower  to  flower,  and  a  cross 
thus  effected,  although  nine-tenths  of  the 
pollen  were  destroyed,  it  might  still  be  a 
great  gain  to  the  plant  to  be  thus  robbed ; 
and  the  individuals  which  produce  more 
and  more  pollen,  and  had  larger  anthers, 
would  be  selected. 

129.  When  our  plant,  by  the  above 
process  long  continued,  had  been  rend- 
ered highly  attractive  to  insects,  they 
would,  unintentionally  on  their  part, 
regularly  carry  pollen  from  flower  to 
flower ;  and  that  they  do  this  effectually, 
I  could  easily  show  by  many  striking 
facts.  I  will  give  only  one,  as  likewise 
illustrating  one  step  in  the  separation  of 
the  sexes  of  plants.  Some  holly-trees 
bear  only  male  flowers,  which  have  four 
stamens  producing  a  rather  small  quantity 
of  pollen,  and  a  rudimentary  pistil ;  other 
holly-trees  bear  only  female  flowers; 
these  have  a  full-sized  pistil,  and  four 
stamens  with  shriveled  anthers,  in  which 
not  a  grain  of  pollen  can  be  detected. 
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Having  found  a  female  tree  exactly  sixty 
yards  from  a  male  tree,  I  put  the  stigmas 
of  twenty  flowers,  taken  from  different 
branches,  under  the  microscope,  and  on 
all,  without  exception,  there  were  a  few 
pollen-grains,  and  on  some  a  profusion. 
As  the  wind  had  set  for  several  days 
from  the  female  to  the  male  tree,  the 
pollen  could  not  thus  have  been  carried. 
The  weather  had  been  cold  and  boister- 
ous, and  therefore  not  favorable  to  bees, 
nevertheless  every  female  flower  which  I 
examined  had  been  effectually  fertilized 
by  the  bees,  which  had  flown  from  tree 
to  tree  in  search  of  nectar.  But  to  return 
to  our  imaginary  case :  as  soon  as  the 
plant  had  been  rendered  so  highly  attract- 
ive to  insects  that  pollen  was  regularly 
carried  from  flower  to  flower,  another 
process  might  commence.  No  naturalist 
doubts  the  advantage  of  what  has  been 
called  the  "  physiological  division  of  la- 
bor ; "  hence  we  may  believe  that  it 
would  be  advantageous  to  a  plant  to  pro- 
duce stamens  alone  in  one  flower  or  on 
one  whole  plant,  and  pistils  alone  in 
another  flower  or  on  another  plant.  In 
plants  under  culture  and  placed  under 
new  conditions  of  life,  sometimes  the 
male  organs  and  sometimes  the  female 
organs  become  more  or  less  impotent ; 
now  if  we  suppose  this  to  occur  in  ever 
so  slight  a  degree  under  nature,  then,  as 
pollen  is  already  carried  regularly  from 
flower  to  flower,  and  as  a  more  complete 
separation  of  the  sexes  of  our  plant  would 
be  advantageous  on  the  principle  of  the 
division  of  labor,  individuals  with  this 
tendency  more  and  more  increased, 
would  be  continually  favored  or  selected, 
until  at  last  a  complete  separation  of  the 
sexes  might  be  effected.  It  would  take 
up  too  much  space  to  show  the  various 
steps,  through  dimorphism  and  other 
means,  by  which  the  separation  of  the 
sexes  in  plants  of  various  kinds  is  ap- 
parently now  in  progress ;  but  some  of 
the  species  of  holly  in  North  America,  are, 
according  to  Asa  Gray,  in  an  exactly  inter- 
mediate condition,  or,  as  he  expresses  it, 
are  more  or  less  dioeciously  polygamous. 

130.  Let  us  now  turn  to  the  nectar- 
feeding  insects ;  we  may  suppose  the 
plant,  of  which  we  have  been  slowly  in- 
creasing the  nectar  by  continued  selection, 
to  be  a  common  plant ;  and  that  certain 
insects  depended  in  main  part  on  its  nec- 
tar for  food.  I  could  give  many  facts 
showing  how  anxious  bees  are  to  save 
time :  for  instance,  their  habit  of  cutting 
holes  and  sucking  the  nectar  at  the  bases 
of  certain  flowers,  which  with  a  very  little 
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more  trouble,  they  can  enter  by  the 
mouth.  Bearing  such  facts  in  mind,  it 
may  be  believed  that  under  certain  cir- 
cumstances individual  differences  in  the 
curvature  or  length  of  the  proboscis,  etc., 
too  slight  to  be  appreciated  by  us,  might 
profit  a  bee  or  other  insect,  so  that  cer- 
tain individuals  would  be  able  to  obtain 
their  food  more  quickly  than  others  ;  and 
thus  the  communities  to  which  they  be- 
longed would  flourish  and  throw  off  many 
swarms  inheriting  the  same  peculiarities. 
The  tubes  of  the  corolla  of  the  common 
red  and  incarnate  clovers  (Trifolium  pra- 
tense  and  incarnatum)  do  not  on  a  hasty 
glance  appear  to  differ  in  length ;  yet  the 
hive-bee  can  easily  suck  the  nectar  out  of 
the  incarnate  clover,  but  not  out  of  the 
common  red  clover,  which  is  visited  by 
humble-bees  alone ;  so  that  whole  fields 
of  the  red  clover  offer  in  vain  an  abundant 
supply  of  precious  nectar  to  the  hive-bee. 
That  this  nectar  is  much  liked  by  the 
hive-bee  is  certain ;  for  I  have  repeatedly 
seen,  but  only  in  the  autumn,  many  hive- 
bees  sucking  the  flowers  through  holes 
bitten  in  the  base  of  the  tube  by  humble- 
bees.  The  difference  in  the  length  of 
the  corolla  in  the  two  kinds  of  clover, 
which  determines  the  visits  of  the  hive- 
bee,  must  be  very  trifling ;  for  I  have 
been  assured  that  when  red  clover  has 
been  mown,  the  flowers  of  the  second 
crop  are  somewhat  smaller,  and  that 
these  are  visited  by  many  hive-bees.  I 
do  not  know  whether  this  statement  is 
accurate  ;  nor  whether  another  published 
statement  can  be  trusted,  namely,  that 
the  Ligurian  bee,  which  is  generally  con- 
sidered a  mere  variety  of  the  common 
hive-bee,  and  which  freely  crosses  with 
it,  is  able  to  reach  and  suck  the  nectar  of 
the  red  clover.  Thus,  in  a  country  where 
this  kind  of  clover  abounded,  it  might  be 
a  great  advantage  to  the  hive-bee  to  have 
a  slightly  longer  or  differently  construct- 
ed proboscis.  On  the  other  hand,  as  the 
fertility  of  this  clover  absolutely  depends 
on  bees  visiting  the  flowers,  if  humble- 
bees  were  to  become  rare  in  any  country, 
it  might  be  a  great  advantage  to  the 
plant  to  have  a  shorter  or  more  deeply 
divided  corolla,  so  that  the  hive-bees 
should  be  enabled  to  suck  its  flowers. 
Thus  I  can  understand  how  a  flower  and 
a  bee  might  slowly  become,  either  simul- 
taneously or  one  after  the  other,  modified 
and  adapted  to  each  other  in  the  most 
perfect  manner,  by  the  continued  preser- 
vation of  all  the  individuals  which  pre- 
sented slight  deviations  of  structure  mut- 
ually favorable  to  each  other. 
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131.  I  am  well  aware  that  this  doctrine 
of  natural  selection,  exemplified  in   the 
above  imaginary  instances,  is  open  to  the 
same  objections  which  were  first  urged 
against  Sir  Charles  Lyell's  noble  views 
on  "  the  modern  changes  of  the  earth,  as 
illustrative  of  geology;"    but  we    now 
seldom  hear  the  agencies  which  we  see 
still  at  work,  spoken  of  as  trifling  or  in- 
significant, when  used  in  explaining  the 
excavation  of  the  deepest  valleys  or  the 
formation  of  long  lines  of  inland  cliffs. 
Natural  selection  acts  only  by  the  pres- 
ervation and  accumulation  of  small  in- 
herited modifications,  each  profitable  to 
the  preserved  being ;  and  as  modern  ge- 
ology has  almost  banished  such  views  as 
the  excavation  of  a  great  valley  by  a  sin- 
gle diluvial  wave,  so  will  natural  selection 
banish  the  belief  of  the  continued  creation 
of  new  organic  beings,  or  of  any  great 
and  sudden  modification  in  their  struct- 
ure. 

On  the  Intercrossing  of  Individuals. 

1 32.  I  must  here  introduce  a  short  di- 
gression 


In  Zhe  case  of  animals  and 


plants  with  separated  sexes,  it  is  of  course 
obvious  that  two  individuals  must  always 
(with  the  exception  of  the  curious  and 
not  well-understood  cases  of  partheno- 
genesis) unite  for  each  birth,  but  in  the 
case  of  hermaphrodites  this  is  far  from 
obvious.  Nevertheless  there  is  reason  to 
believe  that  with  all  hermaphrodites  two 
individuals,  either  occasionally  or  habitu- 
ally, concur  for  the  reproduction  of  their 
kind.  This  view  was  long  ago  doubtfully 
suggested  by  Sprengel,  Knight  and 
Kolreuter.  We  shall  presently  see  its 
importance;  but  I  must  here  treat  the 
subject  with  extreme  brevity,  though  I 
have  the  materials  prepared  for  an  ample 
discussion.  All  vertebrate  animals,  all 
insects,  and  some  other  large  groups  of 
animals,  pair  for  each  birth.  Modern 
research  has  much  diminished  the  number 
of  supposed  hermaphrodites,  and  of  real 
hermaphrodites  a  large  number  pair; 
that  is,  two  individuals  regularly  unite 
for  reproduction,  which  is  all  that  con- 
cerns us.  But  still  there  are  many  her- 
maphrodite animals  which  certainly  do 
not  habitually  pair,  and  a  vast  majority 
of  plants  are  hermaphrodites.  What 
reason,  it  may  be  asked,  is  there  for  sup- 
posing in  these  cases  that  two  individuals 
ever  concur  in  reproduction?  As  it  is 
impossible  here  to  enter  on  details,  ] 
must  trust  to  some  general  considerations 
alone. 

133.  In  the  first  place,  I  have  collected 


so  large  a  body  of  facts,  and  made  so 
many  experiments,  showing,  in  accordance 
with  the  almost  universal  belief  of  breed- 
ers, that  with  animals  and  plants  a  cross 
jetween  different  varieties,  or  between 
ndividuals  of  the  same  variety  but  ol 
another  strain,  gives  vigor  and  fertility  to 
the  offspring ;  and  on  the  other  hand, 
that  close  interbreeding  diminishes  vigor 
and  fertility ;  that  these  facts  alone  in- 
cline me  to  believe  that  it  is  a  general 
aw  of  nature  that  no  organic  being  fer- 
:ilizes  itself  for  a  perpetuity  of  generations ; 
but  that  a  cross  with  another  "ndividual 
is  occasionally — perhaps  at  long  intervals 
of  time — indispensable. 

134.  On  the  belief  that  this  is  a  law  of 
nature,  we  can,  I  think,  understand  sev- 
eral large  classes  of  facts,  such  as  the 
following,  which  on  any  other  view  are 
inexplicable.  Every  hybridizer  knows 
how  unfavorable  exposure  to  wet  is  to 
the  fertilization  of  a  flower,  yet  what  a 
multitude  of  flowers  have  their  anthers 
and  stigmas  fully  exposed  to  the  weather ! 
If  an  occasional  cross  be  indispensable, 
notwithstanding  that  the  plant's  own  an- 
thers and  pistil  stand  so  near  each  other 
as  almost  to  ensure  self-fertilization,  the 
fullest  freedom  for  the  entrance  of  pollen 
from  another  individual  will  explain  the 
above  state  of  exposure  of  the  organs. 
Many  flowers,  on  the  other  hand,  have 
their  organs  of  fructification  closely  en- 
closed, as  in  the  great  papilionaceous  or 
pea-family;  but  these  almost  invariably 
present  beautiful  and  curious  adaptations 
in  relation  to  the  visits  of  insects.  So 
necessary  are  the  visits  of  bees  to  many 
papilionaceous  flowers,  that  their  fertility 
is  greatly  diminished  if  these  visits  be 
prevented.  Now,  it  is  scarcely  possible 
for  insects  to  fly  from  flower  to  flower, 
and  not  to  carry  pollen  from  one  to  the 
other,  to  the  great  good  of  the  plant. 
Insects  act  like  a  camel-hair  pencil,  and 
it  is  sufficient,  to  ensure  fertilization,  just 
to  touch  with  the  same  brush  the  anthers 
of  one  flower  and  then  the  stigma  of 
another ;  but  it  must  not  be  supposed 
that  bees  would  thus  produce  a  multitude 
of  hybrids  between  distinct  species  ;  for  if 
a  plant's  own  pollen  and  that  from 
another  species  are  placed  on  the  same 
stigma,  the  former  is  so  prepotent  that  it 
invariably  and  completely  destroys,  as 
has  been  shown  by  Gartner,  the  influence 
of  the  foreign  pollen. 

135.  When  the  stamens  of  a  flower  sud- 
denly spring  toward  the  pistil,  or  slowly 
move  one  after  the  other  toward  it,  the 
contrivance  seems  adapted  solely  to  en- 
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sure  self-fertilization  ;  and  no  doubt  it  is 
useful  for  this  end  :  but  the  agency  of  in- 
sects is  often  required  to  cause  the  sta- 
mens to  spring  forward,  as  Kolreuter  has 
shown  to  be  the  case  with  the  barberry ; 
and  in  this  very  genus,  which  seems  to 
nave  a  special  contrivance  for  self-fertiliza- 
tion, it  is  well  known  that,  if  closely-allied 
forms  or  varieties  are  planted  near  each 
other,  it  is  hardly  possible  to  raise  pure 
seedlings,  so  largely  do  they  naturally 
cross.  In  numerous  other  cases,  far 
from  self-fertilization  being  favored,  there 
are  special  contrivances  which  effectually 
prevent  the  stigma  receiving  pollen  from 
its  own  flower,  as  I  could  show  from  the 
works  of  Sprengel  and  others,  as  well  as 
from  my  own  observations :  for  instance, 
in  Lobelia  fulgens,  there  is  a  really  beau- 
tiful and  elaborate  contrivance  by  which 
all  the  infinitely  numerous  pollen-granules 
are  swept  out  of  the  conjoined  anthers  of 
each  flower,  before  the  stigma  of  that  in- 
dividual flower  is  ready  to  receive  them  : 
and  as  this  flower  is  never  visited,  at 
least  in  my  garden,  by  insects,  it  never 
sets  a  seed,  though  by  placing  pollen 
from  one  ilower  on  the  stigma  of  another, 
I  raised  plenty  of  seedlings.  Another 
species  of  Lobelia,  which  is  visited  by 
bees,  seeds  freely  in  my  garden.  In  very 
many  other  cases,  though  there  is  no  spe- 
cial mechanical  contrivance  to  prevent  the 
stigma  receiving  pollen  from  the  same, 
flower,  yet.  as  Sprengel,  and  more  re- 
cently Hildebrand,  and  others,  have 
shown,  and  as  I  can  confirm,  either  the 
anthers  burst  before  the  stigma  is  ready 
for  fertilization,  or  the  stigma  is  ready  be- 
fore the  pollen  of  that  flower  is  ready,  so 
that  these  so-named  dichogamous  plants 
have  in  fact  separated  sexes,  and  must 
habitually  be  crossed.  So  it  is  with  the 
reciprocally  dimorphic  and  trimorphic 
plants  previously  alluded  do.  How 
strange  are  these  facts!  How  strange 
that  the  pollen  and  stigmatic  surface  of 
the  same  flower,  though  placed  so  close 
together,  as  if  for  the  very  purpose  of 
self-fertilization,  should  be  in  so  many 
cases  mutually  useless  to  each  other  ? 
How  simply  are  these  facts  explained  on 
the  view  of  an  occasional  cross  with  a 
distinct  individual  being  advantageous  or 
indispensable  ! 

136.  If  several  varieties  of  the  cabbage, 
radish,  onion,  and  of  some  other  plants, 
be  allowed  to  seed  near  each  other,  a 
large  majority  of  the  seedlings  thus  raised 
turn  out,  as  I  have  found,  mongrels  ;  for 
instance,  I  raised  233  seedling  cabbages 
Vom  some  plants  of  different  varieties 


growing  near  each  other,  and  of  these 
only  78  were  true  to  their  kind,  and  some 
even  of  these  were  not  perfectly  true. 
Yet  the  pistil  of  each  cabbage-flower  is 
surrounded  not  only  by  its  own  six  sta- 
mens, but  by  those  of  the  many  other 
flowers  on  the  same  plant ;  and  the  pol- 
len of  each  flower  readily  gets  on  its  own 
stigma  without  insect-agency ;  for  I  have 
found  that  plants  carefully  protected 
from  insects  produce  the  full  number  of 
pods.  How,  then,  comes  it  that  such  a 
vast  number  of  the  seedlings  are  mongrel- 
ized  ?  It  must  arise  from  the  pollen  of  a 
distinct  variety  having  a  prepotent  effect 
over  the  flower's  own  pollen ;  and  that 
this  is  part  of  the  general  law  of  good  be- 
ing derived  from  the  intercrossing  of  dis- 
tinct individuals  of  the  same  species. 
When  distinct  species  are  crossed  the 
case  is  reversed,  for  a  plant's  own  pollen 
is  almost  always  prepotent  over  foreign 
pollen ;  but  to  this  subject  we  shall  re- 
turn in  a  future  chapter. 

137.  In  the  case  of  a  large  tree  covered 
with  innumerable  flowers,  it  may  be  ob- 
jected that  pollen  could  seldom  be  carried 
from  tree  to  tree  ;  and  at  most  only  from 
flower  to  flower  on  the  same  tree;  and 
flowers  on  the  same  tree  can  be  consid- 
ered as  distinct  individuals  only  in  a  lim- 
ited sense.     I  believe  this  objection  to  be 
valid,  but  that  nature  has  largely  provided 
against  it  by  giving  to  trees  a  strong  tend- 
ency to  bear  flowers  with  separated  sexes. 
When  the  sexes  are  separated,  although 
the  male  and  female  flowers  may  be  pro- 
duced on  the  same  tree,  pollen  must  be 
regularly  carried  from  flower  to  flower; 
and  this  will  give  a  better  chance  of  pol- 
len being  occasionally  carried  from  tree 
to  tree.    That  trees  belonging  to  all  Or- 
ders have  their  sexes  more  often  separated 
than  other  plants,  I  find  to  be  the  case  in 
this  country ;  and    at    my    request  Dr. 
Hooker  tabulated  the  trees  of  New  Zea- 
land,  and   Dr.   Asa  Gray  those  of  the 
United  States,  and  the  result  was  as  I  an- 
ticipated.    On  the  other  hand,  Dr.  Hook- 
er informs  me  that  the  rule  does  not  hold 
good  in  Australia ;  but  if  most  of  the 
Australian   trees   are  dichogamous,  the 
same  result  would  follow  as  if  they  bore 
flowers  with  separated    sexes.     I  have 
made  these  few  remarks  on  trees  simply 
to  call  attention  to  the  subject. 

138.  Turning  for  a  brief  space  to  ani- 
mals :  various  terrestrial  species  are  her- 
maphrodites, such  as  the  land-mpllusca 
and  earth-worms ;  but  these  all  pair.    As 
yet  I  have  not  found  a  single  terrestrial 
animal   which  can  fertilize   itself.     This 


43 


134 


BEACON  LIGHTS  OF  SCIENCE. 


remarkable  fact,  which  offers  so  strong  a 
contrast  with  terrestrial  plants,  is  intelli- 
gible on  the  view  of  an  occasional  cross 
being  indispensable  ;  for  owing  to  the  nat- 
ure of  the  fertilizing  element  there  are  no 
means,  analogous  to  the  action  of  insect? 
and  of  the  wind  with  plants,  by  which  an 
occasional  cross  could  be  effected  with 
terrestrial  animals  without  the  concur 
rence  of  two  individuals.  Of  aquatic  an 
imals,  there  are  many  self-fertilizing  her- 
maphrodites: but  here  the  currents  of 
water  offer  an  obvious  means  for  an 
occasional  cross.  As  in  the  case  of  flow- 
ers, I  have  as  yet  failed,  after  consultation 
with  one  of  the  highest  authorities,  name- 
ly, Professor  Huxley,  to  discover  a  s'ngle 
hermaphrodite  animal  with  the  organs  of 
reproduction  so  perfectly  enclosed  that 
access  from  without,  and  the  occasional 
influence  of  a  distinct  individual,  can  be 
shown  to  be  physically  impossible.  Cir- 
ripedes  long  appeared  to.  me  to  present, 
under  this  point  of  view,  ^  ~ase  of  great 
difficulty ;  but  I  have  been  enabled,  by  a 
fortunate  chance,  to  prove  that  two  in- 
dividuals, though  both  are  self-fertilizing 
hermaphrodites,  do  sometimes  cross. 

139.  It  must  have  struck  most  natural- 
ists as  a  strange  anomaly  that,  both  with 
animals  and  plants,  some  species  of  the 
same  family  and  even  of  the  same  genus, 
though  agreeing  closely  with  each  other  in 
their  whole  organization,  are  hermaphro- 
dites, and  some  unisexual.    But  if,  in  fact, 
all  hermaphrodites  do  occasionally  inter- 
cross the  difference  between  them  and  uni- 
sexual species  is,  as  far  as  function  is  con- 
cerned, very  small. 

140.  From  these  several  considerations 
and  from  the  many  special  facts  which  I 
have  collected  but  which  I  am  unable  here 
to  give,  it  appears  that  with  animals  and 
plant*1  an  occasional  intercross  between 
distinct  individuals  is  a  very  general,  if 
not  universal,  law  of  nature. 

Circumstances  favorable  for  the  produc- 
tion of  new  forms  through  Natural 
Selection. 

141.  This  is  an  extremely  intricate  sub- 
ject.     A  great  amount  of  variability,  un- 
der which  term  individual  differences  are 
always  included,  will  evidently  be  favor- 
able.    A  large  number  of  individuals,  by 
giving  a  better  chance  within  any  given 
period  for  the  appearance  of  profitable  va- 
riations, will  compensate    for    a    lesser 
amount  of  variability  in  each  individual, 
and  is,  I  believe,  a  highly  important  ele- 
ment of  success.    Though  Nature  grants 
long  periods  of  time  for  the  work  of  natu- 


ral selection,  she  does  not  grant  an  indefi- 
nite period  ;  for  as  all  organic  beings  are 
striving  to  seize  on  each  place  in  the  econ- 
omy of  nature,  if  any  one  species  does 
not  become  modified  and  improved  in  a 
corresponding  degree  with  its  competi- 
tors, it  will  be  exterminated.  Unless  fa- 
vorable variations  be  inherited  by  some 
at  least  of  the  offspring,  nothing  can  be 
effected  by  natural  selection.  The  tend- 
ency to  reversion  may  often  check  or 
prevent  the  work ;  but  as  this  tendency 
has  not  prevented  man  from  forming  by 
selection  numerous  domestic  races,  why 
should  it  prevail  against  natural  selec- 
tion? 

142.  In  the  case  of  methodical  selec- 
tion, a  breeder  selects  for  some  definite 
object,  and  if  the  individuals  be  allowed 
freely  to  intercross,  his  work  will  com- 
pletely fail.  But  when  many  men,  with- 
out intending  to  alter  the  breed,  have  a 
nearly  common  standard  of  perfection, 
and  all  try  to  procure  and  breed  from  the 
best  animals,  improvement  surely  but 
slowly  follows  from  this  unconscious 
process  of  selection,  notwithstanding  that 
there  is  no  separation  of  selected  individ- 
uals. Thus  it  will  be  under  nature ;  for 
within  a  confined  area,  with  some  place  in 
the  natural  polity  not  perfectly  occupied, 
all  the  individuals  varying  in  the  right  di- 
rection, though  in  different  degrees,  will 
tend  to  be  preserved.  But  if  the  area  be 
large,  its  several  districts  will  almost  cer- 
tainly present  different  conditions  of  life ; 
and  then,  if  the  same  species  undergoes 
modification  in  different  districts,  the 
newly-formed  varieties  will  intercross  on 
the  confines  of  each.  But  we  shall  see 
in  the  sixth  chapter  that  intermediate  va- 
rieties, inhabiting  intermediate  districts, 
will  in  the  long  run  generally  be  sup- 
planted by  one  of  the  adjoining  varieties. 
Intercrossing  will  chiefly  affect  those  an- 
imals which  unite  for  each  birth  and  wan- 
der much,  and  which  do  not  breed  at  a 
very  quick  rate.  Hence  with  animals  of 
this  nature,  for  instance,  birds,  varieties 
will  generally  be  confined  to  separated 
countries;  and  this  I  find  to  be  the  case. 
With  hermaphrodite  organisms  which 
cross  only  occasionally,  and  likewise  with 
animals  which  unite  for  each  birth,  but 
which  wander  little  and  can  increase  at  a 
rapid  rate,  a  new  and  improved  variety 
might  be  quickly  formed  on  any  one  spot 
and  might  there  maintain  itself  in  a  body 
and  afterward  spread,  so  that  the  indi- 
viduals of  the  new  variety  would  chiefly 
cross  together.  On  this  principle,  nur- 
serymen always  prefer  saving  seed  from 
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a  large  body  of  plants,  as  the  chance  of 
intercrossing  is  thus  lessened. 

143.  Even  with  animals  which  unite  for 
each  birth,  and  which  do  not  propagate 
rapidly,  we  must  not  assume  that  free  in- 
tercrossing would  always  eliminate  the  ef- 
fects of  natural  selection ;  for  I  can  bring 
forward  a  considerable  body  of  facts  show- 
ing that  within  the  same  area,  two  varie- 
ties of  the  same  animal  may  long  remain 
distinct,  from  haunting  different  stations, 
from  breeding  at  slightly  different  sea- 
sons, or  from  the  individuals  of  each  va- 
riety preferring  to  pair  together. 

144.  Intercrossing  plays  a  very  impor- 
tant part  in  nature  by  keeping  the  indi- 
viduals of  the  same  species,  or  of  the 
same  variety,  true  and  uniform  in  char- 
acter.    It  will  obviously  thus  act  far  more 
efficiently  with  those  animals  which  unite 
for  each  birth  ;  but,  as  already  stated,  we 
have  reason  to  believe  that  occasional  in- 
tercrosses take  place  with  all  animals  and 
plants.     Even  if  these  take  place  only  at 
long  intervals  of  time,  the  young  thus  pro- 
duced will  gain  so  much  in  vigor  and  fer- 
tility over  the  offspring  from  long-contin- 
ued self-fertilization,  that  they  will  have 
a  better  chance  of  surviving  and  propa- 
gating their  kind  ;   and  thus,  in  the  long 
run,  the  influence  of  crosses,  even  at  rare 
intervals,  will  be  great.     With  respect  to 
organic  beings  extremely  low  in  the  scale, 
which  do  not  propagate  sexually,  nor  con- 
jugate, and  which  cannot  possibly  inter- 
cross, uniformity  of  character  can  be  re- 
tained by  them  under  the  same  conditions 
of  life,  only  through  the  principle  of  in- 
heritance, and  through  natural  selection 
which  will  destroy  any  individuals  de- 
parting from  the  proper  type.     If  the  con- 
ditions of  life  change  and  the  form  under- 
goes modification,  uniformity  of  character 
can  be  given  to  the  modified   offspring, 
solely  by  natural  selection  preserving  sim- 
ilar favorable  variations. 

145.  Isolation,  also,  is  an  important  ele- 
ment   in    the    modification    of    species 
through  natural  selection.     In  a  confined 
or  isolated  area,  if  not  very  large,  the  or- 
ganic and  inorganic  conditions  of  life  will 
generally  be  almost  uniform ;  so  that  nat- 
ural selection  will  tend  to  modify  all  the 
varying  individuals  of  the  same  species 
in  the  same  manner.     Intercrossing  with 
the  inhabitants  of  the   surrounding  dis- 
tricts will,  also,  be  thus  prevented.     Mo- 
ritz  Wagner  has  lately  published  an  in- 
teresting essay  on  this  subject,  and  has 
snown  that  the  service  rendered  by  isola- 
tion in  preventing  crosses  between  new- 
ly-formed varieties  is  probably  greater 


45 


even  than  I  supposed.  But  from  reasons 
already  assigned  I  can  by  no  means  agree 
with  this  naturalist,  that  migration  and 
isolation  are  necessary  elements  for  the 
formation  of  new  species.  The  impor- 
tance of  isolation  is  likewise  great  in  pre- 
venting, after  any  physical  change  in  the 
conditions  such  as  of  climate,  elevation 
of  the  land,  etc.,  the  immigration  of  bet- 
ter adapted  organisms ;  and  thus  new 
places  in  the  natural  economy  of  the  dis- 
trict will  be  left  open  to  be  filled  up  by 
the  modification  of  the  old  inhabitants. 
Lastly,  isolation  will  give  time  for  a  new 
variety  to  be  improved  at  a  slow  rate; 
and  this  may  sometimes  be  of  much  im- 
portance. If,  however,  an  isolated  area 
be  very  small,  either  from  being  sur- 
rounded by  barriers,  or  from  having  very 
peculiar  physical  conditions,  the  total 
number  of  the  inhabitants  will  be  small ; 
and  this  will  retard  the  production  of 
new  species  through  natural  selection,  by 
decreasing  the  chances  of  favorable  vari- 
ations arising. 

146.  The  mere  lapse  of  time  by  itself 
does  nothing,  either  for  or  against  natural 
selection.     I  state  this  because  it  has  been 
erroneously  asserted  that  the  element  of 
time  has  been  assumed  by  me  to  play  an 
all-important  part  in  modifying  species, 
as  if  all  the  forms  of  life  were  necessarily 
undergoing  change  through  some  innate 
law.     Lapse  of  time  is  only  so  far  impor- 
tant, and  its  importance  in  this  respect  .is 
great,  that  it  gives  a  better  chance  of  ben- 
eficial variations  arising,  and  of  their  be- 
ing selected,  accumulated,  and  fixed.     It 
likewise  tends  to  increase  the  direct  action 
of  the  physical  conditions  of  life,  in  rela- 
tion to  the  constitution  of  each  organism. 

147.  If  we  turn  to  nature  to  test  the 
truth  of  these  remarks,  and  look  at  any 
small  isolated  area,  such  as  an  oceanic 
island,  although  the  number  of  species 
inhabiting  it  is  small,  as  we  shall  see  in 
our  chapter  on  Geographical  Distribution ; 
yet  of  these  species  a  very  large  propor- 
tion   are  endemic, — that    is,  have  been 
produced  there,  and  nowhere  else  in  the 
world.     Hence  an  oceanic  island  at  first 
sight  seems  to  have  been  highly  favorable 
for  the  production  of  new  species.     But 
we  may  thus  deceive  ourselves,  for  to 
ascertain  whether  a  small  isolated  area, 
or  a  large  open  area  like  a  continent,  has 
been  most  favorable  for  the  production  of 
new  organic  forms,  we  ought  to  make  the 
comparison  within  equal  times ;  and  this 
we  are  incapable  of  doing. 

148.  Although  isolation  is  of  great  im- 
portance in  the  production  of  new  species, 
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on  the  whole  I  am  inclined  to  believe  that 
largeness  of  area  is  still  more  important, 
especially  for  the  production  of  species 
which  shall  prove  capable  of  enduring  for 
a  long  period,  and  of  spreading  widely. 
Throughout  a  great  and  open  area,  not 
only  will  there  be  a  better  chance  of  fa- 
vorable variations,  arising  from  the  large 
number  of  individuals  of  the  same  species 
there  supported,  but  the  conditions  of  life 
are  much  more  complex  from  the  large 
number  of  already  existing  species ;  and  if 
some  of  these  many  species  become  mod- 
ified and  improved,  others  will  have  to  be 
improved  in  a  corresponding  degree,  or 
they  will  be  exterminated.  Each  new 
form,  also,  as  soon  as  it  has  been  much 
improved,  will  be  able  to  spread  over  the 
open  and  continuous  area,  and  will  thus 
:ome  into  competition  with  many  other 
forms.  Moreover,  great  areas,  though 
now  continuous,  will  often,  owing  to 
former  oscillations  of  level,  have  existed 
in  a  broken  condition ;  so  that  the  good 
effects  of  isolation  will  generally,  to  a  cer- 
tain extent,  have  concurred.  Finally,  I 
conclude  that,  although  small  isolated 
areas  have  been  in  some  respects  highly 
favorable  for  the  production  of  new  spe- 
cies, yet  that  the  course  of  modification 
will  generally  have  been  more  rapid  on 
large  areas ;  and  what  is  more  important, 
that  the  new  forms  produced  on  large 
areas,  which  already  have  been  victorious 
over  many  competitors,  will  be  those  that 
will  spread  most  widely,  and  will  give  rise 
to  the  greatest  number  of  new  varieties  and 
species.  They  will  thus  play  a  more  im- 
portant part  in  the  changing  history  of 
the  organic  world. 

149.  In  accordance  with  this  view,  we 
can,  perhaps,  understand  some  facts 
which  will  be  again  alluded  to  in  our 
chapter  on  Geographical  Distribution ; 
for  instance,  the  fact  of  the  productions 
of  the  smaller  continent  of  Australia  now 
yielding  before  those  of  the  larger  Euro- 
paso-Asiatic  area.  Thus,  also,  it  is  that 
continental  productions  have  everywhere 
become  so  largely  naturalized  on  islands. 
On  a  small  island,  the  race  for  life  will 
have  been  less  severe,  and  there  will  have 
been  less  modification  and  less  extermi- 
nation. Hence,  we  can  understand  how  it 
is  that  the  flora  of  Madeira,  according  to 
Oswald  Heer,  resembles  to  a  certain  ex- 
tent the  extinct  tertiary  flora  of  Europe. 
A.11  fresh-water  basins,  taken  together, 
make  a  small  area  compared  with  that  of 
the  »ea  or  of  the  land.  Consequently,  the 
competition  between  fresh-water  produc- 
tions will  have  been  less  severe  than  else- 
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where;  new  forms  wiil  have  been  then 
more  slowly  produced,  and  old  forms 
more  slowly  exterminated.  And  it  is  in 
fresh-water  basins  that  we  find  seven 
genera  of  Ganoid  fishes,  remnants  of  a 
once  preponderant  order :  and  in  fresh 
water  we  find  some  of  the  most  anoma- 
lous forms  now  known  in  the  world,  as 
the  Ornithorhynchus  and  Lepidosiren, 
which,  like  fossils,  connect  to  a  certain 
extent  orders  at  present  widely  sundered 
in  the  natural  scale.  These  anomalous 
forms  may  be  called  living  fossils ;  they 
have  endured  to  the  present  day,  from 
having  inhabited  a  confined  area,  and 
from  having  been  exposed  to  less  varied, 
and  therefore  less  severe,  competition. 

1 50.  To  sum  up,  as  far  as  the  extreme 
intricacy  of  the  subject  permits,  the  cir- 
cumstances favorable  and  unfavorable  for 
the  production  of  new  species  through 
natural  selection.     I    conclude   that   for 
terrestrial  productions  a  large  continental 
area,  which  has  undergone  many  oscilla- 
tions of  level,  will  have  been  the  most  fa- 
vorable for  the  production  of  many  new 
forms  of  life,  fitted  to  endure  for  a  long 
time  and  to  spread  widely.     While  the 
area  existed  as  a  continent,  the  inhabit- 
ants will  have  been  numerous  in  individ- 
uals and  kinds,  and  will  have  been  sub- 
jected   to     severe    competition.     When 
converted  by  subsidence  into  large  sepa- 
rate islands,  there  will  still  have  existed 
many  individuals  of  the  same  species  on 
each  island  :  intercrossing  on  the  confines 
of  the  range  of  each  new  species  will  have 
been  checked :  after  physical  changes  of 
any  kind,   immigration  will    have  been 
prevented,  so  that  new  places  in  the  polity 
of  each  island  will  have  had  to  be  filled 
up  by  the  modification  of  the  old  inhabit- 
ants ;   and  time  will  have  been  allowed 
for  the  varieties  in  each  to  become  well 
modified  and   perfected.     When,  by  re- 
newed elevation,  the  islands  were  recon- 
verted into  a  continental  area,  there  will 
again  have  been  very  severe  competition  : 
the  most   favored  or  improved  varieties 
will  have  been  enabled  to  spread :  there 
will  have  been  much  extinction  of  the  less 
improved  forms,  and  the  relative  propor- 
tional numbers  of  the  various  inhabitants 
of  the  reunited  continent  will  again  have 
been  changed ;  and  again  there  will  have 
been  a  fair  field  for  natural  selection  to 
improve  still  further  the  inhabitants,  and 
thus  to  produce  new  species. 

151.  That  natural  selection  generally 
acts  with  extreme  slowness  I  fully  admit. 
It  can  act  only  when  there  are  places  in 
the  natural  polity  of  a  district  which  can 
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DC  better  occupied  by  the  modification  of 
some  of  its  existing  inhabitants.  The 
occurrence  of  such  places  will  often  de- 
pend on  physical  changes,  which  generally 
take  place  very  slowly,  and  on  the  immi- 
gration of  better  adapted  forms  being 
prevented.  As  some  few  of  the  old  in- 
habitants become  modified,  the  mutual 
relations  of  others  will  often  be  disturbed  ; 
and  this  will  create  new  places,  ready  to 
be  filled  up  by  better  adapted  forms ;  but 
all  this  will  take  place  very  slowly.  Al- 
though all  the  individuals  of  the  same 
species  differ  in  some  slight  degree  from 
each  other,  it  would  often  be  long  before 
differences  of  the  right  nature  in  various 
parts  of  the  organization  might  occur. 
The  result  would  often  be  greatly  re- 
tarded by  free  intercrossing.  Many  will 
exclaim  that  these  several  causes  are 
amply  sufficient  to  neutralize  the  power 
of  natural  selection.  I  do  not  believe  so. 
But  I  do  believe  that  natural  selection 
will  generally  act  very  slowly,  only  at  long 
intervals  of  time,  and  only  on  a  few  of  the 
inhabitants  of  the  same  region.  I  further 
believe  that  these  slow,  intermittent  re- 
rults  accord  well  with  what  geology  tells 
us  of  the  rate  and  manner  at  which  the 
inhabitants  of  the  world  have  changed. 

152.  Slow  though  the  process  of  selec- 
tion may  be,  if  feeble  man  can  do  much  by 
artificial  selection,  I  can  see  no  limit  to 
the  amount  of  change,  to  the  beauty  and 
complexity  of  the  coadaptations  between 
all  organic  beings,  one  with  another  and 
with   their  physical    conditions    of    life, 
which  may  have  been  effected  in  the  long 
course  of  time  through  nature's  power  of 
selection,  that  is  by  the  survival  of  the 
fittest. 

Extinction  caused  by  Natural  Selection. 

153.  This  subject  will  be  more   fully 
discussed  in  our  chapter  on   Geology; 
but  it  must  here  be  alluded  to  from  being 
intimately  connected  with  natural  selec- 
tion.      Natural     selection     acts     solely 
through  the  preservation  of  variations  in 
some  way  advantageous,  which   conse- 
quently endure.     Owing  to  the  high  geo- 
metrical rate  of  increase  of  all  organic 
beings,  each  area  is  already  fully  stocked 
with  inhabitants ;  and  it  lollows  from  this, 
that  as   the   favored   forms  increase   in 
number,  so,  generally,  will  the  less  favored 
decrease  and  become  rare.     Rarity,  as 
geology  tells  us,  is  the  precursor  to  ex- 
tinction.    We    can   see   that  any  form 
which  is  represented  by  few  individuals 
will  run  a  good  chance  of  utter  extinction. 


during  great  fluctuations  in  the  nature  of 
the  seasons,  or  from  a  temporary  increase 
in  the  number  of  its  enemies.  But  we 
may  go  further  than  this  ;  for,  as  new 
forms  are  produced,  unless  we  admit  that 
specific  forms  can  go  on  indefinitely  in- 
creasing in  number,  many  old  forms 
must  become  extinct.  That  the  number 
of  specific  forms  has  not  indefinitely  in- 
creased, geology  plainly  tells  us  ;  and  we 
shall  presently  attempt  to  show  why  it  is 
that  the  number  of  species  throughout 
the  world  has  not  become  immeasurably 
great. 

154.  We  have  seen  that  the  species 
which  are  most  numerous  in  individuals 
have  the  best  chance  of  producing  favor- 
able variations  \vithin  any  given  period. 
We  have  evidence  of  this,  in  the  facts 
stated  in  the  second    chapter,  showing 
that  it  is  the  common  and  diffused  or 
dominant  species  which  offer  the  greatest 
number  of  recorded  varieties.     Hence, 
rare  species  will  be  less  quickly  modified 
or  improved  within  any  given   period ; 
they  will  consequently  be  beaten  in  the 
race  for  life  by  the  modified  and  improved 
descendants  of  the  commoner  species. 

155.  From  these  several  considerations 
I  think  it  inevitably  follows,  that  as  new 
species  in  the  course  of  time  are  formed 
through  natural  selection,  others  will  be- 
come rarer  and  rarer,  and  finally  extinct. 
The  forms  which  stand  in  closest  com- 
petition with  those  undergoing  modifica- 
tion and  improvement,  will  naturally  suf- 
fer most.     And  we   have   seen    in   the 
chapter  on  the   Struggle   for  Existence 
that  it  is  the  most  closely-allied  forms, — 
varieties  of  the  same  species,  and  species 
of  the  same  genus  or  of  related  genera, — 
which,    from    having    nearly   the    same 
structure,  constitution,  and  habits,  gen- 
erally come  into  the  severest  competition 
with  each  other ;  consequently,  each  new 
variety  or  species,  during  the  progress  of 
its  formation,  will  generally  press  hardest 
on  its  nearest  kindred,  and  tend  to  exter- 
minate them.     We  see  the  same  process 
of  extermination    among    our  domesti 
cated  productions,  through  the  selection  ol 
improved  forms  by  man.     Many  curious 
instances   could  be  given  showing  how 
quickly  new  breeds  of  cattle,  sheep,  and 
other  animals,  and  varieties  of  flowers, 
take  the  place  of  older  and  inferior  kinds. 
In  Yorkshire,  it  is  historically  known  that 
the  ancient  black  cattle  were  displaced  by 
the  long-horns,   and   that    these   "were 
swept  away  by  the  short-horns  "  (I  quote 
the  words  of  an  agricultural  writer)  "  as 
if  by  some  murderous  pestilence." 
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Divergence  of  Character. 


156.  The  principle,  which  I  have  des- 
ignated by  this  term,  is  of  high  impor- 
tance, and  explains,  as  I  believe,  several 
important  facts.     In  the  first  place,  varie- 
ties, even  strongly-marked  ones,  though 
saving  somewhat  of    the  character    of 
species — as  is  shown    by  the    hopeless 
doubts  in  many  cases  how  to  rank  them — 
yet  certainly  differ  far  less  from  each 
other  than  do  good  and  distinct  species. 
Nevertheless,  according  to  my  view,  va- 
rieties are  species  in -the  process  of  forma- 
tion, or  are,  as    I    have    called    them, 
incipient  species.     How,  then,  does  the 
lesser  difference  between  varieties  become 
augmented  into  the  greater  difference  be- 
tween species?    That  this  does  habitu- 
ally happen,  we  must  infer  from  most  of 
the  innumerable  species  throughout  nat- 
ure presenting  well-marked  differences; 
whereas  varieties,  the  supposed  proto- 
types and  parents  of  future  well-marked 
species,  present  slight  and  ill-defined  dif- 
ferences.    Mere  chance,  as  we  may  call 
it,  might  cause  one  variety  to  differ  in 
some  character  from  its  parents,  and  the 
offspring  of  this  variety  again  to  differ 
from  its  parent  in  the  very  same  character 
and  in  a  greater  degree ;  but  this  alone 
would  never  account  for  so  habitual  and 
large  a  degree  of  difference  as  that  be- 
tween the  species  of  the  same  genus. 

1 57.  As  has  always  been  my  practice, 
I  have  sought  light  on  this  head  from  our 
domestic   productions.      We   shall  here 
find  something  analogous.     It  will  be  ad- 
mitted that  the  production  of  races  so 
different  as  short-horn  and  Hereford  cat- 
tle, race  and  cart  horses,  the  several  breeds 
of  pigeons,  etc.,  could  never  have  been 
effected  by  the  mere  chance  accumulation 
of  similar  variations  during  many  succes- 
sive generations.     In  practice,  a  fancier 
is,  for  instance,  struck  by  a  pigeon  having 
a  slightly  shorter  beak ;  another  fancier  is 
struck  by  a  pigeon  having  a  rather  longer 
beak ;  and  on  the  acknowledged  principle 
that  "  fanciers  do  not  and  will  not  admire 
a  medium  standard,  but  like  extremes," 
they  both  go  on  (as  has  actually  occurred 
with    the    sub-breeds    of    the    tumbler- 
pigeon)    choosing    and    breeding    from 
birds  with  longer  and  longer  beaks,  or 
with  shorter  and  shorter  beaks.    Again, 
we  may  suppose  that  at  an  early  period 
of  history,  the  men  of  one  nation  or  dis- 
trict required  swifter  horses,  while  those 
of  another  required  stronger  and  bulkier 
horses.    The  early  differences  would  be 
very  slight ;  but,  in  the  course  of  time, 


from  the  continued  selection  of  swifter 
horses  in  the  one  case,  and  of  stronger 
ones  in  the  other,  the  differences  would 
become  greater,  and  would  be  noted  as 
forming  two  sub-breeds.  Ultimately, 
after  the  lapse  of  centuries,  these  sub- 
breeds  would  become  converted  into  two 
well-established  and  distinct  breeds.  As 
the  differences  became  greater,  the  in- 
ferior animals  with  intermediate  charac- 
ters, being  neither  very  swift  nor  very 
strong,  would  not  have  been  used  for 
breeding,  and  will  thus  have  tended  to 
disappear.  Here,  then,  we  see  in  man's 
productions  the  action  of  what  may  be 
called  the  principle  of  divergence,  causing 
differences,  at  first  barely  appreciable, 
steadily  to  increase,  and  the  breeds  to 
diverge  in  character,  both  from  each 
other  and  from  their  common  parent. 

158.  But  how,  it  may  be  asked,  can 
any  analogous  principle  apply  in  nature  ? 
I  believe  it  can  and  does  apply  most  effi- 
ciently (though  it  was  a  long  time  before 
I  saw  how),  from  the  simple  circumstance 
that  the  more  diversified  the  descendants 
from  any  one  species  become  in  structure, 
constitution,  and  habits,  by  so  much  will 
they  be  better  enabled  to  seize  on  many 
and  widely  diversified  places  in  the  polity 
of  nature,  and  so  be  enabled  to  increase 
in  numbers. 

1 59.  We  can  clearly  discern  this  in  the 
case  of  animals  with  simple  habits.    Take 
the  case  of  a  carnivorous  quadruped,  of 
which  the  number  that  can  be  supported 
in  any  country  has  long  ago  arrived  at  its 
full    average.      If  its  natural  power  of 
increase  be  allowed  to  act,  it  can  succeed 
in  increasing  (the  country  not  undergoing 
any  change  in  conditions)  only  by  its  vary- 
ing descendants    seizing    on   places  at 
present  occupied  by  other  animals :  some 
of  them,  for  instance,  being  enabled  to 
feed  on  new  kinds  of  prey,  either  dead  or 
alive ;    some    inhabiting    new    stations, 
climbing  trees,  frequenting  water,  and 
some  perhaps    being    less    carnivorous. 
The  more  diversified  in  habits  and  struct- 
ure the  descendants  of  our  carnivorou? 
animals  become,  the  more  places  they 
will  be  enabled  to  occupy.     What  applies 
to  one  animal  will  apply  throughout  all 
time  to  all  animals — that  is,  if  they  vary 
— for    otherwise    natural    selection    can 
effect  nothing.     So  it  will  be  with  plants. 
It  has  been  experimentally  proved,  that 
if  a  plot  of  ground  be  sown  with  one 
species  of  grass,  and  a  similar  plot  be 
sown  with    several    distinct    genera   of 
grasses,  a  greater  number  of  plants  and 
a  greater  weight  of  dry  herbage  can  be 
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/aised  in  the  latter  than  in  the  former 
case.  The  same  has  been  found  to  hold 
good  when  one  variety  and  several  mixed 
varieties  of  wheat  have  been  sown  on 
equal  spaces  of  ground.  Hence,  if  any 
one  species  of  grass  were  to  go  on  varying, 
and  the  varieties  vvere  continually  selected 
which  differed  from  each  other  in  the 
same  manner,  though  in  a  very  slight  de- 
gree, as  do  the  distinct  species  and  genera 
of  grasses,  a  greater  number  of  individual 
plants  of  this  species,  including  its  modi- 
tied  descendants,  would  succeed  in  living 
on  the  same  piece  of  ground.  And  we 
know  that  each  species  and  each  variety 
of  grass  is  annually  sowing  almost  count- 
less seeds ;  and  is  thus  striving,  as  it  may 
be  said,  to  the  utmost  to  increase  in 
number.  Consequently,  in  the  course  of 
many  thousand  generations,  the  most 
distinct  varieties  of  any  one  species  of 
grass  would  have  the  best  chance  of  suc- 
ceeding and  of  increasing  in  numbers, 
and  thus  of  supplanting  the  less  distinct 
variet'-^;  and  varieties,  when  rendered 
very  di-tinct  from  each  other,  take  the 
rank  ui  species. 

1 60.  The  truth  of  the  principle  that  the 
greatest  amount  of  life  can  be  supported 
by  great  diversification  of  structure,  is 
seen  under  many  natural  circumstances. 
In  an  extremely  small  area,  especially  if 
freely  open  to  immigration,  and  where 
the  contest  between  individual  and  indi- 
vidual must  be  very  severe,  we  always 
find  great  diversity  in  its  inhabitants. 
For  instance,  I  found  that  a  piece  of  turf, 
three  feet  by  four  in  size,  which  had  been 
exposed  for  many  years  to  exactly  the 
same  conditions,  supported  twenty  species 
of  plants,  and  these  belonged  to  eighteen 
genera  and  to  eight  orders,  which  shows 
how  much  these  plants  differed  from  each 
other.  So  it  is  with  the  plants  and  insects 
on  small  and  uniform  islets  :  also  in  small 
ponds  of  fresh  water.  Farmers  find  that 
that  they  can  raise  most  food  by  a  rota- 
tion of  plants  belonging  to  the  most  dif- 
ferent orders  :  nature  follows  what  may 
be  called  a  simultaneous  rotation.  Most 
of  the  animals  and  plants  which  live 
close  round  any  small  piece  of  ground, 
could  live  on  it  (supposing  its  nature  not 
to  be  in  any  way  peculiar),  and  may  be 
said  to  be  striving  to  the  utmost  to  live 
there ;  but,  it  is  seen,  that  where  they 
come  into  the  closest  competition,  the 
advantages  of  diversification  of  structure, 
with  the  accompanying  differences  of 
habit  and  constitution,  determine  that 
the  inhabitants,  which  thus  jostle  each 
other  most  closely,  shall,  as  a  general 


rule,  belong  to  what  we  call  different 
genera  and  orders. 

161.  The  same  principle  is  seen  in  the 
naturalization   of  plants  through  man's 
agency  in  foreign  lands.     It  might  have 
been    expected    that    the    plants  which 
would  succeed  in  becoming  naturalized 
in  any  land  would  generally  have  been 
closely  allied  to  the  indigenes  ;  for  these 
are  commonly  looked  at  as  specially  cre- 
ated and  adapted  for  their  own  country. 
It  might  also,  perhaps,  have  been  expect- 
ed that  naturalized  plants  would  have  be- 
longed to  a  few  groups  more  especially 
adapted  to  certain  stations  in  their  new 
homes.     But  the  case  is  very  different; 
and  Alph.  de  Candolle  has  well  remarked, 
in   his  great  and  admirable  work,  that 
floras  gain  by  naturalization,  proportion- 
ally with  the  number  of  the  native  genera 
and  species,  far  more  in  new  genera  than 
in  new  species.    To  give  a  single  instance  : 
in   the   last  edition  of  Dr.  Asa  Gray's 
'Manual  of  the    Flora  of  the  Northern 
United    States,'  260  naturalized  plants 
are  enumerated,  and  these  belong  to  162 
genera.     We  thus  see  that  these  natural- 
ized plants  are  of  a  highly  diversified 
nature.     They  differ,  moreover,  to  a  large 
extent,  from  the  indigenes,  for  out  of  the 
162  naturalized  genera,  no  less  than  100 
genera  are  not  there  indigenous,  and  thus 
a  large  proportional  addition  is  made  to 
the   genera  now    living  in   the   United 
States.    By  considering  the  nature  of  the 
plants    or  animals  which  have  in   any 
country  struggled  successfully  with  the 
indigenes,  and  have  there  become  natur- 
alized, we  may  gain  some  crude  idea  in 
what  manner  some  of  the  natives  would 
have  to  be  modified,  in  order  to  gain  an 
advantage  over  their  compatriots;   and 
we  may  at   least  infer  that  diversifica- 
tion of  structure,  amounting  to  new  ge- 
neric differences,  would  be  profitable  to 
them. 

162.  The  advantage  of  diversification 
of  structure  in  the  inhabitants  of  the  same 
region,  is,  in   fact,  the  same  as  that  of 
the  physiological  division  of  labor  in  the 
organs  of  the  same  individual  body — a 
subject  so  well  elucidated  by  Milne  Ed- 
wards.    No  physiologist  doubts  that  a 
stomach  adapted  to  digest  vegetable  mat- 
ter alone,  or  flesh  alone,  draws  most  nu- 
triment from  these  substances.     So  in  the 
general  economy  of  any  land,  the  more 
widely  and    perfectly  the    animals  and 
plants  are  diversified  for  different  habits 
of  life,  so  will  a  greater  number  of  indi- 
viduals be  capable  of  there  supporting 
themselves.    A  set  of  anipials,  with  their 
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organization  but  little  diversified,  could 
hardly  compete  with  a  set  more  perfectly 
diversified  in  structure.  It  may  be  doubt- 
ed for  instance,  whether  the  Australian 
marsupials,  which  are  divided  into  groups 
differing  but  little  from  each  other,  and 
feebly  representing,  as  Mr.  Waterhouse 
and  others  have  remarked,  our  carniverous, 
ruminant,  and  rodent  mammals,  could 
successfully  compete  with  these  well-de- 
veloped orders.  In  the  Australian  mam- 
mals, we  see  the  process  of  diversification 
in  an  early  and  incomplete  stage  of  devel- 
opment. 

The  Probable  Effects  of  the  Action  of 
Natural  Selection  through  Diver- 
gence of  Character  and  Extinction,  on 
the  Descendants  of  a  Common  Ances- 
tor. 

163.  After    the   foregoing    discussion, 
which  has  been   much    compressed,  we 
may  assume  that  the  modified  descend- 
ants of  any  one  species  will  succeed  so 
much  the  better  as  they  become  more  di- 
versified in  structure,  and  are  thus  ena- 
bled to  encroach  on  places  occupied  by 
other  beings.     Now  let  us  see  how  this 
principle  of  benefit  being  derived   from 
divergence  of  character,  combined  with 
the  principles  of  natural  selection  and  of 
extinction,  tends  to  act. 

164.  The  accompanying  diagram  will 
aid  us  in  understanding  this  rather  per- 
plexing subject.     Let  A  to  L  represent 
the  species  of  a  genus  large  in  its  own 
country ;  these  species  are  supposed   to 
resemble  each  other  in  uncf|ual  degrees, 
as  is  so  generally  the  case  in  nature,  and 
as  is  represented   in  the  diagram  by  the 
letters  standing  at  unequal  distances.     I 
have  said  a  large  genus,  because  as  we 
saw  in  the  second  chapter,  on  an  average 
more  species  vary  in  large  genera  than  in 
small  genera ;  and  the  varying  species  of 
the  large  genera  present  a  greater  num- 
ber of  varieties.     We  have,  also,  seen  that 
the  species,  which  are  the  commonest  and 
the  most  widely  diffused,  vary  more  than 
do  the  rare  and  restricted  species.     Let 
(A)  be  a  common,  widely-diffused,  and 
varying    species,  belonging   to  a    genus 
large  in  its  own  country.     The  branch- 
ing and  diverging  dotted  lines  of  une- 
qual lengths  proceeding  frpm  (A),  may 
represent  its    varying    offspring.      The 
variations  are  supposed  to  be  extremely 
slight,  but  of  the  most  diversified  nature  ; 
they  are  not  supposed  all  to  appear  sim- 
ultaneously, but  often  after  long  intervals 
of  time ;  nor  are  they  all  supposed  to  en- 
dure for  equal  periods,    Only  those  varia- 


tions  which  are  in  some  way  profitable 
will  be  preserved  or  naturally  selected. 
And  here  the  importance  of  the  principle 
of  benefit  derived  from  divergence  of 
character  comes  in ;  for  this  will  gener- 
ally lead  to  the  most  different  or  diver- 
gent variations  (represented  by  the  outer 
dotted  lines)  being  preserved  and  accu- 
mulated by  natural  selection.  When  a 
dotted  line  reaches  one  of  the  horizonta. 
lines,  and  is  there  marked  by  a  smal. 
numbered  letter,  a  sufficient  amount  of 
variation  is  supposed  to  have  been  accu- 
mulated to  form  it  into  a  fairly  well- 
marked  variety,  such  as  would  be  thought 
worthy  of  record  in  a  systematic  work. 

165.  The  intervals  between  the  hori- 
zontal lines  in  the  diagram,  may  represent 
each  a  thousand   or   more  generations. 
After  a  thousand  generations,  species  (A) 
is  supposed  to  have  produced  two  fairly 
well-marked  varieties,  namely  a1  and  m\ 
These  two  varieties  will  generally  still  be 
exposed   to  the  same   conditions   which 
made  their  parents  variable,  and  the  tend- 
ency to  variability  is  in  itself  hereditary ; 
consequently  they  will   likewise  tend  to 
vary,  and  commonly  in  nearly  the  same 
manner  as  did  their  parents.     Moreover, 
these    two  varieties,  being  only  slightly 
modified  forms,  will  tend  to  inherit  those 
advantages  which  made  their  parent  (A) 
more  numerous  than  most  of  the  other 
inhabitants  of  the   same  country  ;    they 
will  also  partake  of  those  more  .general 
advantages  which   made    the  genus   to 
which  the  parent  species  belonged,  a  large 
genus  in  its  own  country.     And  all  thcs 
circumstances  are  favorable  to  the  pro- 
duction of  new  varieties. 

166.  If,  then,  these  two  varieties  be  va- 
riable, the  most  divergent  of  their  varia- 
tions will  generally  be  preserved  during 
the   next    thousand    generations.      And 
after  this  interval,  variety  dl  is  supposed 
in  the  diagram  to  have  produced  variety 
fl2,  which  will,  owing  to  the  principle  of 
divergence,  differ  more  from  (A)  than  did 
variety  a1.     Variety  ml  is   supposed  to 
have  produced  two  varieties,  namely  ;//;1 
and  y2,   differing   from   each  other,    and 
more  considerably  from   their  common 
parent  (A).     We  may  continue  the  proc- 
ess  by  similar  steps  for  any  length  ot 
time ;   some  of  the  varieties,  after  each 
thousand  generations,  producing  only  a 
single  variety,  but  in  a  more  and  more 
modified  condition,  some  producing  t\\x 
or  three   varieties,  and   some  failing   to 
produce  any.     Thus  the  varieties  or  mod- 
ified  descendants  of  the  common  parent 
(A),  will  generally  go  on  increasing  in 
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number  and  diverging  in  character.  In 
the  diagram  the  process  is  represented  up 
to  the  ten-thousandth  generation,  and 
under  a  condensed  and  simplified  form 
up  to  the  fourteen-thousandth  generation. 

167.  But  I  must  here  remark  that  I  do 
not  suppose  that  the  process  ever  goes 
on  so  regularly  as  is  represented  in  the 
diagram,  though  in  itself  made  somewhat 
irregular,  nor  that  it  goes  on  continuously ; 
it  is  far  more  probable  that  each  form  re- 
mains for  long  periods  unaltered,  and 
then  again  undergoes  modification.     Nor 
do  I  suppose  that  the  most  divergent  va- 
rieties are  invariably  preserved :  a  medium 
form  may  often  long  endure,  and  may  or 
may  not  produce  more  than  one  modified 
descendant ;  for  natural  selection  will  al- 
ways act  according  to  the  nature  of  the 
places  which  are  either  unoccupied  or  not 
perfectly  occupied  by  other  beings ;  and 
this  will  depend  on  infinitely  complex  re- 
lations.   But  as  a  general  rule,  the  more 
diversified  in  structure  the  descendants 
from  any  one  species  can  be  rendered, 
the  more  places  they  will  be  enabled  to 
seize  on,  and  the  more  their  modified  prog- 
eny will   increase.     In  our  diagram  the 
line  of  succession  is  broken  at  regular  in- 
tervals by  small  numbered  letters  mark- 
ing the    successive  forms    which    have 
become  sufficiently  distinct  to  be  recorded 
as  varieties.     But  these  breaks  are  imag- 
inary, and  might  have  been  inserted  any- 
where,  after    intervals   long  enough  to 
allow  the  accumulation  of  a  considerable 
amount  of  divergent  variation. 

1 68.  As  all  the  modified  descendants 
from  a  common  and  widely-diffused  spe- 
cies, belonging  to  a  large  genus,  will  tend 
to  partake  of  the  same  advantages  which 
made  their  parent  successful  in  life,  they 
will  generally  go  on  multiplying  in  num- 
ber as  well  as  diverging  in  character :  this 
is  represented  in  the  diagram  by  the  sev- 
eral divergent  branches  proceeding  from 
(A).    The  modified  offspring  from  the 
later  and  more  highly  improved  branches 
in  the  lines  of  descent,  will,  it  is  probable, 
often  take  the  place  of,  and  so  destroy, 
the  earlier  and  less  improved  branches  : 
this  is  represented  in  the  diagram  by  some 
of  the  lower  branches  not  reaching  to  the 
upper  horizontal  lines.     In  some  cases  no 
doubt  the  process  of  modification  will  be 
confined  to  a  single  line  of  descent,  and 
the  number  of  modified  descendants  will 
not  be  increased  ;  although  the  amount  of 
divergent  modification  may  have  been  aug- 
mented.   This  case  would  be  represented 
in  the  diagram,  if  all  the  lines  proceeding 
from  (A)  were  removed,  excepting  that 


from  a1  to  aw.  In  the  same  way  the  Eng- 
lish race-horse  and  English  pointer  have 
apparently  both  gone  on  slowly  diverging 
in  character  from  their  original  stocks, 
without  either  having  given  off  any  fresh 
branches  or  races. 

169.  After  ten  thousand  generations, 
species  (A)  is  supposed  to  have  produced 
three  forms,  a10,  f™,  and  m10,  which,  from 
having  diverged  in  character  during  Xhe 
successive  generations,  will  have  come  to 
differ  largely,  but  perhaps  unequally,  from 
each  other  and  from  their  common  par- 
ent.    If  we  suppose  the  amount  of  change 
between  each  horizontal  line  in  our  dia- 
gram to  be  excessively  small,  these  three 
forms  may  still  be  only  well-marked  va- 
rieties ;  but  we  have  only  to  suppose  the 
steps  in  the  process  of  modification  to  be 
more  numerous  or  greater  in  amount,  to 
convert  these  three  forms  into  doubtful 
or  at  last  into  well-defined  species.     Thus 
the  diagram  illustrates  the  steps  by  which 
the  small  differences  distinguishing  varie- 
ties are  increased  into  the  larger  differ- 
ences distinguishing  species.    By  contin- 
uing   the    same    process  for  a  greater 
number  of  generations  (as  shown  in  the 
diagram  in  a  condensed  and  simplified 
manner),  we  get  eight  species,  marked  by 
the  letters  between  a1*  and  mu,  all  de- 
scended  from   (A).     Thus,  as  I  believe, 
species   are   multiplied  and    genera  are 
formed. 

170.  In  a  large  genus   it  is  probable 
that  more  than  one  species  would  vary. 
In  the  diagram  I  have  assumed  that  a 
second  species  (I)  has  produced,  by  an- 
alogous steps,  after  ten  thousand. genera- 
tions, either  two  well-marked   varieties 
(•a/10  and  zw)  or  two  species,  according  to 
the  amount  of  change   supposed  to  be 
represented  between  the  horizontal  lines. 
After  fourteen  thousand  generations,  six 
new  species,  marked  by  the  letters  «M  to 
z1*,  are  supposed  to  have  been  produced. 
In    any  genus,   the    species  which    are 
already  very  different  in  character  from 
each  other,  will  generally  tend  to  produce 
the  greatest  number  of  modified  descend- 
ants ;  for  these  will  have  the  best  chance 
of  seizing  on   new  and  widely  different 
places  in  the  polity  of  nature :  hence  in 
the  diagram  I  have  chosen  the  extreme 
species  (A),  and  the  nearly  extreme  spe- 
cies (I),  as  those  which  have  largely  va- 
ried, and  have  given  rise  to  new  varieties 
and    species.     The    other    nine    species 
(marked  by  capital  letters)  of  our  origi- 
nal genus,   may  for  long    but    unequal 
periods   continue   to  transmit   unaltered 
descendants;  and  this   is   shown  in   the 
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diagram  by  the  dotted  lines  unequally 
prolonged  upward. 

171.  But  during  the  process  of  modifi- 
cation, represented  in   the   diagram,  an- 
other of  our  principles,  namely  that   of 
extinction,  will  have  played  an  important 
part.^    As  in  each  fully  stocked  country 
natural  selection  necessarily  acts  by  the 
selected  form  having  some  advantage  in 
the   struggle   for  life   over  other  forms, 
there  will  be  a  constant  tendency  in  the 
improved  descendants  of  any  one  species 
to  supplant  and  exterminate  in  each  stage 
of  descent   their  predecessors  and  their 
original    progenitor.     For  it    should   be 
remembered   that    the    competition  will 
generally  be  most  severe  between  those 
forms  which  are  most   nearly  related  to 
each   other   in   habits,   constitution,   and 
structure.     Hence    all   the    intermediate 
forms    between    the     earlier    and    later 
states,  that  is  between  the  less  and  more 
improved  states  of  the  same  species,  as 
well  as  the  original  parent-species  itself, 
will   generally  tend   to   become  extinct. 
So  it  probably  will  be  with  many  whole 
collateral  lines  of  descent,  which  will  be 
conquered  by  later   and  improved  lines. 
If,  however,  the  modified  offspring  of  a 
species  get  into  some  distinct  country,  or 
become   quickly  adapted  to   some   quite 
new  station,  in  which  offspring  and  pro- 
genitor do  not  come  into   competition, 
both  may  continue  to  exist. 

172.  If,  then,  our  diagram  be  assumed 
to  represent  a  considerable   amount  of 
modification,   species    (A)    and   all    the 
earlier  varieties  will  have  become  extinct, 
being  replaced  by  eight  new  species  (a1* 
to  tnu ;  and  species  (I)  will  be  replaced 
by  six  («u  to  z11)  new  species. 

But  we  may  go  further  than  this.  The 
original  species  of  our  genus  were  sup- 
posed to  resemble  each  other  in  unequal 
degrees,  as  is  so  generally  the  case  in 
nature ;  species  (A)  being  more  nearly 
related  to  B,  C,  and  D,  than  to  the  other 
species;  and  species  (I)  more  to  G,  H, 
K,  L,  than  to  the  others.  These  two 
species  (A)  and  (I)  were  also  supposed 
to  be  very  common  and  widely  diffused 
species,  so  that  they  must  originally  have 
had  some  advantage  over  most  of  the 
other  species  of  the  genus.  Their  modi- 
fied descendants,  fourteen  in  number  at 
the  fourteen-thousandth  generation,  will 
probably  have  inherited  some  of  the  same 
advantages  :  they  have  also  been  modified 
and  improved  in  a  diversified  manner  at 
each  stage  of  descent,  so  as  to  have  be- 
come adapted  to  many  related  places  in 
the  natural  economy  of  their  country.  It 


seems,  therefore,  extremely  probable  that 
they  will  have  taken  the  places  of,  and 
thus  exterminated,  not  only  their  parents 
(A)  and  (I),  but  likewise  some  of  the 
original  species  which  were  most  nearly 
related  to  their  parents.  Hence  very  few 
of  the  original  species  will  have  transmit- 
ted offspring  to  the  fourteen-thousandth 
generation.  We  may  suppose  that  only 
one  (F),  of  the  two  species  (E  and  F) 
which  were  least  closely  related  to  the 
other  nine  original  species,  has  transmit- 
ted descendants  to  this  late  stage  of  de- 
scent. 

173.  The  new  species  in  our  diagram 
descended  from  the  original  eleven  spe- 
cies, will    now    be    fifteen    in    number. 
Owing  to  the  divergent  tendency  of  natu~ 
ral  selection,  the  extreme  amount  of  dif- 
ference in  character  between  species  au 
and  zl*  will  be  much  greater  than  that 
between  the  most  distinct  of  the  original 
eleven  species.     The  new  species,  more- 
over, will  be  allied  to  each  other  in  a 
widely  different  manner.     Of  the  eight 
descendants  from  (A)  the  three  marked 
a1*,  gu,  pP,  will  be  nearly  related  from 
having  recently  branched  off  from  a10; 
£",  and  y14,  from  having  diverged  at  an 
earlier  period  from  a5,  will  be  in   some 
degree    distinct    from    the    three    first- 
named   species ;  and   lastly,  a1*,  eu,  and 
mu,  will  be  nearly  related  one  to   the 
other,  but,  from  having  diverged  at  the 
first  commencement  of  the   process   of 
modification,    will    be    widely    different 
from  the  other  five  species,  and  may  con- 
stitute a  sub-genus  or  a  distinct  genus. 

174.  The  six  descendants  from  (I)  will 
form  two  sub-genera  or  genera.     But  as 
the   original  species  (I)  differed  largely 
from  (A),  standing  nearly  at  the  extreme 
end  of  the  original  genus,  the  six  descend- 
ants from  (I)  will,  owing  to  inheritance 
alone,  differ  considerably  from  the  eight 
descendants  from  (A) ;  the  two  groups, 
moreover,  are  supposed  to  have  gone  on 
diverging    in  different   directions.     The 
intermediate    species,   also   (and  this  is 
a  very  important  consideration),   which 
connected  the  original  species  (A)   and 
(I),  have  all  become,  excepting  (F),  ex- 
tinct,   and    have    left    no    descendants. 
Hence    the   six  new  species  descended 
from  (I),  and  the  eight  descended  from 
(A),  will  have  to  be  ranked  as  very  dis- 
tinct genera,   or  even  as  distinct    sub- 
families. 

175.  Thus  it  is,  as  I  believe,  that  two 
or  more  genera  are  produced  by  descent 
with   modification,   from    two  or    more 
species  of   the   same    genus.     And   the 
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two  or  more  parent-species  are  supposed 
to  be  descended  from  some  one  species 
of  an  earlier  genus.  In  our  diagram,  this 
is  indicated  by  the  broken  lines,  beneath 
the  capital  letters,  converging  in  sub- 
branches  downward  toward  a  single 
point;  this  point  represents  a  species, 
the  supposed  progenitor  of  our  several 
new  sub-genera  and  genera. 

176.  It  is  worth  while  to  reflect  for  a 
moment  on  the  character  of  the  new 
species   Fu,  which   is   supposed   not   to 
have  diverged  much  in  character,  but  to 
have  retained  the  form  of  (F),  either  un- 
altered or  altered  only  in  a  slight  degree. 
In  this  case,  its  affinities  to  the   other 
fourteen  new  species  will  be  of  a  curious 
and  circuitous  nature.    Being  descended 
from  a  form  which  stood  between  the 
parent-species  (A)  and  (I),  now  supposed 
to  be  extinct  and  unknown,  it  will  be  in 
some  degree  intermediate  in  character 
between  the  two  groups  descended  from 
these  two    species.    But  as  these    two 
groups  have  gone  on  diverging  in  char- 
acter from  the  type  of  their  parents,  the 
new  species  (Fw)  will  not  be  directly  in- 
termediate between  them,  but  rather  be- 
tween   types  of  the    two    groups;  and 
every  naturalist  will  be  able  to  call  such 
cases  before  his  mind. 

177.  In  the  diagram,  each  horizontal 
line  has  hitherto  been  supposed  to  repre- 
sent a  thousand  generations,  but  each 
may  represent  a  million  or  more  genera- 
tions ;  it  may  also  represent  a  section  of 
the  successive  strata  of  the  earth's  crust 
including    extinct    remains.    We    shall, 
when  we  come  to  our  chapter  on  Geol- 
ogy, have  to  refer  again  to  this  subject, 
and  I  think  we  shall  then  see  that  the 
diagram  throws  light  on  the  affinities  of 
extinct  beings,  which,  though  generally 
belonging  to  the  same  orders,  families, 
or  genera,  with  those  now  living,  yet  are 
often,  in  some  degree,   intermediate  in 
character  between  existing  groups;  and 
we  can  understand  this  fact,  for  the  ex- 
tinct species    lived    at    various    remote 
epochs  when  the  branching  lines  of  de- 
scent had  diverged  less. 

178.  I  see  no  reason  to  limit  the  pro- 
cess of  modification,  as  now  explained, 
to  the  formation  of  genera  alone.     If,  in 
the  diagram,  we  suppose  the  amount  of 
change  represented   by  each  successive 
group  of  diverging   dotted   lines  to  be 
great,  the  forms  marked  a1*  to  /M,  those 
marked  £"  and  f1*,  and  those  marked 
01*  to  mlt,  will  form  three  very  distinct 
genera.    We  shall  also  have  two  very 
distinct  genera  descended  from  (I),  dif- 


fering widely  from  the  descendants  of 
(A).  These  two  groups  of  genera  will 
thus  form  two  distinct  families,  or  orders, 
according  to  the  amount  of  divergent 
modification  supposed  to  be  represented 
in  the  diagram.  And  the  two  new  fam- 
ilies, or  orders,  are  descended  from1  two 
species  of  the  original  genus,  and  these 
are  supposed  to  be  descended  from  some 
still  more  ancient  and  unknown  form. 

179.  We  have  seen  that  in  each  country 
it  is  the  species  belonging  to  the  larger 
genera  which  oftenest  present  varieties 
or  incipient  species.  This,  indeed,  might 
have  been  expected ;  for,  as  natural 
selection  acts  through  one  form  having 
some  advantage  over  other  forms  in  the 
struggle  for  existence,  it  will  chiefly  act  on 
those  which  already  have  some  advan- 
tage ;  and  the  largeness  of  any  group 
shows  that  its  species  have  inherited  from 
a  common  ancestor  some  advantage  in 
common.  Hence,  the  struggle  for  the 
production  of  new  and  modified  descend- 
ants will  mainly  lie  between  the  larger 
groups  which  are  all  trying  to  increase  in 
number.  One  large  group  will  slowly 
conquer  another  large  group,  reduce  its 
numbers,  and  thus  lessen  its  chance  of  fur- 
ther variation  and  improvement.  Within 
the  same  large  group,  the  later  and  more 
highly  perfected  sub-groups,  from  branch- 
ing out  and  seizing  on  many  new  places 
in  the  polity  of  Nature,  will  constantly 
tend  to  supplant  and  destroy  the  earlier 
and  less  improved  sub-groups.  Small 
and  broken  groups  and  sub-groups  will 
finally  disappear.  Looking  to  the  future, 
we  can  predict  that  the  groups  of  organic 
beings  which  are  now  large  and  triumph- 
ant, and  which  are  least  broken  up,  that 
is,  which  have  as  yet  suffered  least  ex- 
tinction, will,  for  a  long  period,  continue 
to  increase.  But  which  groups  will  ulti- 
mately prevail,  no  man  can  predict;  for 
we  know  that  many  groups,  formerly 
most  extensively  developed,  have  now 
become  extinct.  Looking  still  more  re- 
motely to  the  future,  we  may  predict 
that,  owing  to  the  continued  and  steady 
increase  of  the  larger  groups,  a  multitude 
of  smaller  groups  will  become  utterly  ex- 
tinct, and  leave  no  modified  descendants  ; 
and  consequently  that,  of  the  species 
living  at  any  one  period,  extremely  few 
will  transmit  descendants  to  a  remote 
futurity.  I  shall  have  to  return  to  this 
subject  in  the  chapter  on  Classification, 
but  I  may  add  that  as,  according  to  this 
view,  extremely  few  of  the  more  ancient 
species  have  transmitted  descendants  to 
the  present  day,  and,  as  all  the  de?cend- 
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ants  of  the  same  species  form  a  class,  we 
can  understand  how  it  is  that  there  ex- 
ists so  few  classes  in  each  main  division 
of  the  animal  and  vegetable  kingdoms. 
Although  few  of  the  most  ancient  species 
have  left  modified  descendants,  yet,  at 
remote  geological  periods,  the  earth 
may  have  been  almost  as  well  peopled 
with  species  of  many  genera,  families, 
orders,  and  classes,  as  at  the  present 
time. 

On  the  Degree  to  which    Organization 
tends  to  advance. 

1 80.  Natural  Selection  acts  exclusively 
by  the  preservation  and  accumulation  of 
variations,  which  are  beneficial  under  the 
organic  and  inorganic  conditions  to  which 
each  creature  is  exposed  at  all  periods  of 
life.  The  ultimate  result  is  that  each  creat- 
ure tends  to  become  more  and  more  im- 
proved in  relation  to  its  conditions.  This 
improvement  inevitably  leads  to  the  grad- 
ual advancement  of  the  organization  of 
the  greater  number  of  living  beings 
throughout  the  world.  But  here  we  enter 
on  a  very  intricate  subject,  for  naturalists 
have  not  defined  to  each  other's  satisfac- 
tion what  is  meant  by  an  advance  in  or- 
ganization. Among  the  vertebrata  the 
degree  of  intellect  and  an  approach  in 
structure  to  man  clearly  come  into  play. 
It  might  be  thought  that  the  amount  of 
change  which  the  various  parts  and  or- 
gans pass  through  in  their  development 
from  the  embryo  to  maturity  would  suffice 
as  a  standard  of  comparison ;  but  there 
are  cases,  as  with  certain  parasitic  crusta- 
ceans, in  which  several  parts  of  the 
structure  become  less  perfect,  so  that  the 
mature  animal  cannot  be  called  higher 
than  its  larva.  Von  Baer's  standard 
seems  the  most  widely  applicable  and  the 
best,  namely,  the  amount  of  differentiation 
of  the  parts  of  the  same  organic  being,  in 
the  adult  state  as  I  should  be  inclined  to 
add,  and  their  specialization  for  different 
functions  ;  or,  as  Milne  Edwards  would 
express  it,  the  completeness  of  the  division 
of  physiological  labor.  But  we  shall  see 
how  obscure  this  subject  is  if  we  look,  for 
instance,  to  fishes,  among  which  some 
naturalists  rank  those  as  highest  which, 
like  the  sharks,  approach  nearest  to  am- 
phibians ;  while  other  naturalists  rank 
the  common  bony  or  teleostean  fishes  as 
the  highest,  inasmuch  as  they  are  most 
strictly  fish-like,  and  differ  most  from  the 
other  vertebrate  classes.  We  see  still 
more  plainly  the  obscurity  of  the  subject 
by  turning  to  plants,  among  which  the 
standard  of  intellect  is  of  course  quite  ex- 


cluded; and  here  some  botanists  rank 
those  plants  as  highest  which  have  every 
organ,  as  sepals,  petals,  stamens,  and  pis- 
tils, fully  developed  in  each  flower; 
whereas  other  botanists,  probably  with 
more  truth,  look  at  the  plants  which  have 
their  several  organs  much  modified  and 
reduced  in  number  as  the  highest. 

181.  If  we  take  as  the  standard  of  high 
organization,  the  amount  of  differentiation 
and  specialization  of  the  several  organs  in 
each  being  when  adult  (and  this  will  in- 
clude the  advancement  of  the  brain  for 
intellectual   purposes),   natural  selection 
clearly  leads   toward   this  standard:  for 
all  physiologists  admit  that  the  specializa- 
tion of  organs,  inasmuch  as  in  this  state 
they  perform  their  functions  better,  is  an 
advantage  to  each  being ;  and  hence  the 
accumulation  of  variations  tending  to- 
ward specialization  is  within  the  scope  of 
natural  selection.     On  the  other  hand,  we 
can  see,  bearing  in  mind  that  all  organic 
beings  are  striving  to  increase  at  a  high 
ratio  and  to  seize  on  every  unoccupied  or 
less  well  occupied  place  in  the  economy 
of  nature,  that  it  is  quite  possible  for  nat- 
ural selection  gradually  to  fit  a  being  to  a 
situation  in  which  several  organs  would 
be  superfluous  or  useless :  in  such  cases 
there  would  be  retrogression  in  the  scale 
of  organization.     Whether  organization 
on  the  whole  has  actually  advanced  from 
the  remotest  geological   periods  to   the 
present  day  will  be  more  conveniently 
discussed  in  our  chapter  on   Geological 
Succession. 

182.  But  it  may  be  objected  that  if  all 
organic  beings  thus  tend  to  rise  in  the 
scale,  how  is  it  that  throughout  the  world 
a  multitude  of  the  lowest  forms  still  exist ; 
and  how  is  it  that  in  each  great  class  some 
forms  are  far  more  highly  developed  than 
others  ?    Why  have  not  the  more  highly 
developed  forms  everywhere  supplanted 
and  exterminated  the  lower  ?     Lamarck, 
who  believed  in  an  innate  and  inevitable 
tendency  toward  perfection  in  all  organic 
beings,  seems  to  have  felt  this  difficulty 
so  strongly,  that  he  was  led  to  suppose 
that  new  and  simple  forms  are  continually 
being  produced  by  spontaneous  genera- 
tion.   Science  has  not  as  yet  proved  the 
truth  of  this  belief,  whatever  the  future 
may  reveal.     On  our  theory  the  continued 
existence  of  lowly  organisms  offers  no 
difficulty;   for  natural   selection,  or  the 
survival  of  the  fittest,  does  not  necessa- 
rily include  progressive  development — it 
only  takes  advantage  of  such  variations 
as  arise  and  are  beneficial  to  each  creat- 
ure under  its  complex   relations  of  life 


55 


146 


BEACON  LIGHTS  OF  SCIENCE. 


And  it  may  be  asked  what  advantage,  as 
far  as  we  can  see,  would  it  be  to  an  infu- 
sorian  animalcule— to  an  intestinal  worm 
— or  even  to  an  earth-worm,  to  be  highly 
organized.  If  it  were  no  advantage,  these 
forms  would  be  left,  by  natural  selection, 
unimproved  or  but  little  improved,  and 
might  remain  for  indefinite  ages  in  their 
present  lowly  condition.  And  geology 
tells  us  that  some  of  the  lowest  forms,  as 
the  infusoria  and  rhizopods,  have  re- 
mained for  an  enormous  period  in  nearly 
their  present  state.  But  to  suppose  that 
most  of  the  many  now  existing  low  forms 
have  not  in  the  least  advanced  since  the 
first  dawn  of  life  would  be  extremely  rash  ; 
for  every  naturalist  who  has  dissected 
some  of  the  beings  now  ranked  as  very  low 
in  the  scale,  must  have  been  struck  with 
their  really  wondrous  and  beautiful  organ- 
ization. 

183.  Nearly  the  same  remarks  are  ap- 
plicable if  we  look  to  the  different  grades 
of  organization  within  the  same  great 
group ;  for  instance,  in  the  vertebrata,to  the 
co-existence  of  mammals  and  fish — among 
mammalia,  to  the  co-existence  of  man 
and  the  ornithorhynchus — among  fishes, 
to  the  co-existence  of  the  shark  and  the 
lancelet  (Amphioxus),  which  latter  fish  in 
the  extreme  simplicity  of  its  structure  ap- 
proaches the  invertebrate  classes.  But 
mammals  and  fish  hardly  come  into  com- 
petition with  each  other;  the  advance- 
ment of  the  whole  class  of  mammals,  or 
of  certain  members  in  this  class,  to  the 
highest  grade  would  not  lead  to  their 
taking  the  place  of  fishes.  Physiologists 
believe  that  the  brain  must  be  bathed  by 
warm  blood  to  be  highly  active,  and  this 
acquires  aerial  respiration ;  so  that  warm- 
blooded mammals  when  inhabiting  the 
water  lie  under  a  disadvantage  in  having 
to  come  continually  to  the  surface  to 
breathe.  With  fishes,  members  of  the 
shark  family  would  not  tend  to  supplant 
the  lancelet ;  for  the  lancelet,  as  I  hear 
from  Fritz  Miiller,  has  as  sole  companion 
and  competitor  on  the  barren  sandy  shore 
of  South  Brazil,  an  anomalous  annelid 
The  three  lowest  orders  of  mammals 
namely,  marsupials,  edentata,  and  rodents 
co-exist  in  South  America  in  the  same 
region  with  numerous  monkeys,  anc 
probably  interfere  little  with  each  other 
Although  organization,  on  the  whole 
may  have  advanced  and  be  still  advanc- 
ing throughout  the  world,  yet  the  scale 
will  always  present  many  degrees  of  per- 
fection; for  the  high  advancement  of 
certain  whole  classes,  or  of  certain  mem- 
bers of  each  class,  does  not  at  all  neces- 


ari!y  lead  to  the  extinction  of  those 
groups  with  which  they  do  not  enter  into 
:lose  competition.  In  some  cases,  as  we 
,hall  hereafter  see,  lowly  organized  forms 
appear  to  have  been  preserved  to  the 
^resent  day,  from  inhabiting  confined  or 
>eculiar  stations,  where  they  have  been 
subjected  to  less  severe  competition,  and 
where  their  scanty  numbers  have  retarded 
the  chance  of  favorable  variations  aris- 

- 

184.  Finally,  I  believe  that  many  lowly 
organized  forms  now  exist  throughout  the 
world,   from  various   causes.      In   some 
cases  variations  or  individual  differences 
of  a  favorable   nature  may  never   have 
arisen  for  natural  selection  to  act  on  and 
accumulate.     In   no  case,  probably,  has 
time    sufficed   for  the    utmost    possible 
amount  of  development.     In  some  few 
cases  there  has  been  what  we  must  call 
retrogression  of  organization.     But  the 
main  cause  lies  in   the  fact  that  under 
very  simple  conditions  of  life  a  high  or- 
ganization would  be  of  no  service, — pos- 
sibly would  be  of   actual  disservice,  as 
being  of  a  more  delicate  nature,  and  more 
liable  to  be  put  out  of  order  and  in- 
jured. 

185.  Looking  to  the  first  dawn  of  life, 
when  all  organic  beings,  as  we  may  be^ 
lieve,   presented  the   simplest   structure, 
how,  it  has  been  asked,  could  the  first 
steps  in  the  advancement  or  differentia- 
tion of  parts  have  arisen  ?     Mr.  Herbert 
Spencer  would  probably  answer  that,  as 
soon  as  simple  unicellular  organism  came 
by  growth  or  division  to  be  compounded 
of  several  cells,  or  became  attached  to 
any  supporting  surface,   his   law   "  that 
homologous  units  of  any  order  become 
differentiated  in  proportion  as  their  rela- 
tions to  incident  forces  become  different  " 
would  come  into  action.     But  as  we  have 
no  facts  to  guide  us,  speculation  on  the 
subject  is  almost  useless.     It  is,  however, 
an  error  to  suppose  that  there  would  be 
no  struggle   for  existence,   and,    conse- 
quently, no  natural  selection,  until  many 
forms  had  been  produced :  variations  in  a 
single  species  inhabiting  an  isolated  sta- 
tion  might  be  beneficial,  and   thus   the 
whole  mass  of  individuals  might  be  mod- 
ified, or  two  distinct  forms  might  arise. 
But,  as  I  remarked  toward  the  close  of 
the   Introduction,  no  one  ought  to   feel 
surprise  at  much  remaining  as  yet  unex- 
plained on  the  origin  of  species,  if   we 
make  due  allowance  for  our  profound  ig- 
norance on  the  mutual  relations  of  the 
inhabitants  of  the  world  at  the  present 
time,  and  still  more  so  during  past  ages, 
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Convergence  of  Character. 

1 86.  Mr.  H.  C.  Watson  thinks  that  I 
have  overrated  the  importance  of  diverg- 
ence of  character  (in  which,  however,  he 
apparently  believes),  and  that  converg- 
ence, as  it  may  be  called,  has  likewise 
played  a  part.     If  two  species,  belonging 
to  two  distinct  though  allied  genera,  had 
both  produced  a  large  number  of  new 
and   divergent   forms,   it  is    conceivable 
that  these  might  approach  each  other  so 
closely  that  they  would  have  all  to  be 
classed  under  the  same  genus ;  and  thus 
the  descendants  of  two  distinct  genera 
would  converge  into  one.     But  it  would 
in  most  cases  be  extremely  rash  to  attri- 
bute to  convergence  a  close  and  general 
similarity  of  structure  in  the  modified  de- 
scendants of  widely  distinct  forms.     The 
shape  of  a  crystal  is  determined  solely  by 
the  molecular  forces,  and  it  is  not  sur- 
prising that  dissimilar  substances  should 
sometimes  assume  the  same  form ;   but 
with  organic  beings  we  should  bear  in 
mind  that  the  form  of  each  depends  on 
an  infinitude  of  complex  relations,  namely 
on  the  variations  which  have  arisen,  these 
being  due  to  causes  far  too  intricate  to 
be  followed  out, — on  the  nature  of  the 
variations  which  have  been  preserved  or 
selected,  and  this  depends  on  the  sur- 
rounding physical  conditions,  and  in  a  still 
higher  degree  on  the  surrounding  organ- 
isms with  which  each  being  has  come 
into  competition, — and  lastly,  on  inherit- 
ance (in  itself  a  fluctuating  element)  from 
innumerable    progenitors,   all  of    which 
have  had  their  forms  determined  through 
equally  complex  relations.     It  is  incredi- 
ble that  the  descendants  of  two  organ- 
isms, which  had  originally  differed  in  a 
marked   manner,  should  ever  afterward 
converge  so  closely  as  to  lead  to  a  near  ap- 
proach to  identity  throughout  their  whole 
organization.     If  this  had  occurred,  we 
should  meet  with  the  same  form,  inde- 
pendently of  genetic   connection,  recur- 
ring in  widely  separated  geological  for- 
mations ;  and  the  balance  of  evidence  is 
opposed  to  any  such  an  admission. 

187.  Mr.   Watson    has    also    objected 
that  the  continued  action  of  natural  se- 
lection, together  with  divergence  of  char- 
acter, would  tend  to  make  an  indefinite 
number  of  specific   forms.      As   far  as 
mere  inorganic  conditions  are  concerned, 
it  seems  probable  that  a  sufficient  number 
of  species  would  soon  become  adapted  to 
all  considerable  diversities  of  heat,  moist- 
ure, etc. ;  but  I  fully  admit  that  the  mut- 
ual relations  of  organic  beings  are  more 


important ;  and  as  the  number  of  species 
in  any  country  goes  on  increasing,  the 
organic  conditions  of  life  must  become 
more  and  more  complex.  Consequently 
there  seems  at  first  sight  no  limit  to  the 
amount  of  profitable  diversification  of 
structure,  and  therefore  no  limit  to  the 
number  of  species  which  might  be  pro- 
duced. We  do  not  know  that  even  the 
most  prolific  area  is  fully  stocked  with 
specific  forms  :  at  the  Cape  of  Good  Hope 
and  in  Australia,  which  support  such  an 
astonishing  number  of  species,  many 
European  plants  have  become  naturalized. 
But  geology  shows  us,  that  from  an 
early  part  of  the  tertiary  period  the  num- 
ber of  species  of  shells,  and  that  from  the 
middle  part  of  this  same  period  the  num- 
ber of  mammals,  has  not  greatly  or  at  all 
increased.  What  then  checks  an  indefi- 
nite increase  in  the  number  of  species  ? 
The  amount  of  life  (I  do  not  mean  the 
number  of  specific  forms)  supported  on 
an  area  must  have  a  limit,  depending  so 
largely  as  it  does  on  physical  conditions ; 
therefore,  if  an  area  be  inhabited  by  very 
many  species,  each  or  nearly  each  species 
will  be  represented  by  few  individuals ; 
and  such  species  will  be  liable  to  extermi- 
nation from  accidental  fluctuations  in  the 
nature  of  the  seasons  or  in  the  number  of 
their  enemies.  The  process  of  extermi- 
nation in  such  cases  would  be  rapid, 
whereas  the  production  of  new  species 
must  always  be  slow.  Imagine  the  ex- 
treme case  of  as  many  species  as  individ- 
uals in  England,  and  the  first  severe 
winter  or  very  dry  summer  would  exter- 
minate thousands  on  thousands  of  species. 
Rare  species,  and  each  species  will  be- 
come rare  if  the  number  of  species  in  any 
country  becomes  indefinitely  increased, 
will,  on  the  principle  often  explained, 
present  within  a  given  period  few  favor- 
able variations  ;  consequently,  the  process 
of  giving  birth  to  new  specific  forms 
would  thus  be  retarded.  When  any 
species  becomes  very  rare,  close  inter- 
breeding will  help  to  exterminate  it ; 
authors  have  thought  that  this  comes 
into  play  in  accounting  for  the  deterioration 
of  the  Aurochs  in  Lithuania,  of  Red  Deer 
in  Scotland,  and  of  Bears  in  Norway,  etc. 
Lastly,  and  this  I  am  inclined  to  think  is 
the  most  important  element,  a  dominant 
species,  which  has  already  beaten  many 
competitors  in  its  own  home,  will  tend 
to  spread  and  supplant  many  others. 
Alph.  de  Candolle  has  shown  that  those 
species  which  spread  widely,  tend  gener- 
ally to  spread  very  widely ;  consequently, 
they  will  tend  to  supplant  and  exterminate 
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several  species  in  several  areas,  and  thus 
check  the  inordinate  increase  of  specific 
forms  throughout  the  world.  Dr.  Hooker 
has  recently  shown  that  in  the  S.E.  cor- 
ner of  Australia,  where,  apparently,  there 
are  many  invaders  from  different  quarters 
of  the  globe,  the  endemic  Australian 
species  have  been  greatly  reduced  in 
number.  How  much  weight  to  attribute 
to  these  several  considerations  I  will  not 
pretend  to  say ;  but  conjointly  they  must 
limit  in  each  country  the  tendency  to  an 
indefinite  augmentation  of  specific  forms. 

Summary  of  Chapter. 

1 88.  If  under  changing  conditions  of 
life  organic  beings  present  individual  dif- 
ferences in  almost  every  part  of  their 
structure,  and  this  cannot  be  disputed  ;  if 
there  be,  owing  to  their  geometrical  rate 
of  increase,  a  severe  struggle  for  life  at 
some  age,  season  or  year,  and  this  cer- 
tainly cannot  be  disputed  ;  then  consider- 
ing the  infinite  complexity  of  the  relations 
of  all  organic  beings  to  each  other  and  to 
their  conditions  of  life,  causing  an  infinite 
diversity  in  structure,  constitution,  and 
habits,  to  be  advantageous  to  them,  it 
would  be  a  most  extraordinary  fact,  if  no 
variations  had  ever  occurred  useful  to 
each  being's  own  welfare,  in  the  same 
manner  as  so  many  variations  have  oc- 
curred useful  to  man.     But  if  variations 
useful  to  any  organic  being  ever  do  occur, 
assuredly  individuals  thus  characterized 
will  have  the  best  chance  of  being  pre- 
served in  the  struggle  for  life  ;   and  from 
the  strong  principle  of  inheritance,  these 
will  tend  to  produce  offspring  similarly 
characterized.    This  principle  of  preser- 
vation, or  the  survival  of  the  fittest,  I  have 
called  Natural  Selection.     It  leads  to  the 
improvement  of  each  creature  in  relation 
to  its  organic  and  inorganic  conditions  of 
life ;  and  consequently,  in  most  cases,  to 
what  must  be  regarded  as  an  advance 
in  organization.     Nevertheless,  low  and 
simple  forms  will  long  endure  if  well  fitted 
for  their  simple  conditions  of  life. 

189.  Natural  selection,  on  the  principle 
of  qualities  being  inherited  at  correspond- 
ing ages,  can  modify  the  egg,  seed,  or 
young,  as  easily  as    the   adult.     Among 
many  animals,  sexual  selection  will  have 
given  its  aid  to  ordinary  selection,  by  as- 
suring to  the   most  vigorous  and  best 
adapted  males  the  greatest   number  ol 
offspring.     Sexual  selection  will  also  give 
characters  useful  to  the  males  alone,  in 
their  struggles  or  rivalry  with  other  males ; 
and  these  characters  will  be  transmit- 
ted to  one  sex  or  to  both  sexes,  accord- 


ng  to  the  form  of  inheritance  which  pre- 
vails. 

190.  Whether  natural    selection  has 
really  thus  acted  in  adapting  the  various 
:orms  of  life  to  their  several  conditions 
and  stations,  must  be  judged  by  the  gen- 
eral tenor  and  balance  of  evidence  given 

n  the  following  chapters.  But  we  have 
already  seen  how  it  entails  extinction ; 
and  how  largely  extinction  has  acted  in 
the  world's  history,  geology  plainly  de- 
clares. Natural  selection  also  leads  to 
divergence  of  character ;  for  the  more 
organic  beings  diverge  in  structure,  hab- 
its, and  constitution,  by  so  much  the 
more  can  a  large  number  be  supported 
on  the  same  area, — of  which  we  see  proof 
by  looking  to  the  inhabitants  of  any  small 
spot,  and  to  the  productions  naturalized 
in  foreign  lands.  Therefore,  during  the 
modification  of  the  descendants  of  any 
one  species,  and  during  the  incessant 
struggle  of  all  species  to  increase  in  num- 
bers, the  more  diversified  the  descend- 
ants become,  the  better  will  be  their 
chance  of  success  in  the  battle  for  life. 
Thus  the  small  differences  distinguishing 
varieties  of  the  same  species,  steadily 
tend  to  increase,  till  they  equal  the  greater 
differences  between  species  of  the  same 
genus,  or  even  of  distinct  genera. 

191.  We  have  seen  that  it  is  the  com- 
mon,  the   widely-diffused,   and    widely- 
ranging  species,  belonging  to  the  larger 
genera  within    each   class,  which     vary 
most ;  and  these  tend  to  transmit  to  their 
modified  offspring  that  superiority  which 
now  makes  them  dominant  in  their  own 
countries.     Natural  selection,  as  has  just 
been   remarked,   leads  to  divergence  of 
character  and  to  much  extinction  of  the 
less  improved  and  intermediate  forms  of 
life.     On  these  principles,  the  nature  of 
the  affinities,  and  the  generally  well-de- 
fined distinctions  between  the  innumera- 
ble organic  beings  in  each  class  through- 
out the  world,  may  be  explained.     It  is  a 
truly  wonderful  fact — the  wonder  of  which 
we  are  apt  to  overlook  from  familiarity — 
that  all  animals  and  all  plants  throughout 
all  time  and  space  should  be  related  to 
each     other  in    groups    subordinate   to 
groups,  in   the    manner  which  we  every- 
where behold — namely,  varieties    of  the 
same  species  most  closely  related,  species 
of  the  same  genus  less  closely  and  un- 
equally related,  formimg  sections  and  sub- 
genera,  species  of  distinct   genera  much 
less  closely  related,  and  genera  in  different 
degrees,  forming    sub-families,  families, 
orders,   sub-classes,    and    classes.      The 
several  subordinate  groups  in   any  class 
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cannot  be  ranked  in  a  single  file,  but  seem 
clustered  round  points,  and  these  round 
other  points,  and  so  on  in  almost  endless 
cycles.  If  species  had  been  independ- 
ently created,  no  explanation  would  have 
been  possible  of  this  kind  of  classification ; 
but  it  is  explained  through  inheritance 
and  the  complex  action  of  natural  selec- 
tion, entailing  extinction  and  divergence 
of  character,  as  we  have  seen  illustrated 
in  the  diagram. 

192.  The  affinities  of  all  the  beings  of 
the  same  class  have  sometimes  been  rep- 
resented by  a  great  tree.  I  believe  this 
simile  largely  speaks  the  truth.  The 
green  and  budding  twigs  may  represent 
existing  species  ;  and  those  produced  dur- 
ing former  years  may  represent  the  long 
succession  of  extinct  species.  At  each 
period  of  growth  all  the  growing  twigs 
have  tried  to  branch  out  on  all  sides  and 
to  overtop  and  kill  the  surrounding 
twigs  and  branches,  in  the  same  manner 
as  species  and  groups  of  species  have  at 
all  times  overmastered  other  species  in 
the  great  battle  for  life.  The  limbs  di- 
vided into  great  branches,  and  these  into 
lesser  and  lesser  branches,  were  them- 
selves once,  when  the  tree  was  young, 
budding  twigs ;  and  this  connection  of 
the  former  and  present  buds  by  ramifying 
branches  may  well  represent  the  classifi- 
cation of  all  extinct  and  living  species 
in  groups  subordinate  to  groups.  Of  the 
many  twigs  which  flourished  when  the 
tree  was  a  mere  bush,  only  two  or  three, 
now  grown  into  great  branches,  yet  sur- 
vive and  bear  the  other  branches  ;  so  with 
the  species  which  lived  during  long-past 
geological  periods,  very  few  have  left  liv- 
ing and  modified  descendants.  From  the 
first  growth  of  the  tree,  many  a  limb  and 
branch  has  decayed  and  dropped  off  ;  and 
these  fallen  branches  of  various  sizes  may 
represent  those  whole  orders,  families, 
and  genera  which  have  now  no  living 
representatives,  and  which  are  known  to 
us  only  in  a  fossil  state.  As  we  here  and 
there  see  a  thin  straggling  branch  spring- 
ing from  a  fork  low  down  in  a  tree,  and 
which  by  some  chance  has  been  favored 
and  is  still  alive  on  its  summit,  so  we 
occasionally  see  an  animal  like  the  Orni- 
thorhynchus  or  Lepidosiren,  which  in 
some  small  degree  connects  by  its  affini- 
ties two  large  branches  of  life,  and  which 
has  -apparently  been  saved  from  fatal 
competition  by  having  inhabited  a  pro- 
tected station.  As  buds  give  rise  by 
growth  to  fresh  buds,  and  these,  if  vigor- 
ous, branch  out  and  overtop  on  all  sides 
many  a  feebler  branch,  so  by  generation 


I  believe  it  has  been  with  the  great  Tree 
of  Life,  which  fills  with  its  dead  and 
broken  branches  the  crust  of  the  earth, 
and  covers  the  surface  with  its  ever- 
branching  and  beautiful  ramifications. 


CHAPTER  V. 

LAWS  OF   VARIATION. 

Effects  of  changed  conditions — Use  and  disuse, 
combined  with  natural  selection ;  organs  o( 
flight  and  of  vision — Acclimatization — Corre  • 
lated  variation — Compensation  and  economy  of 
growth — False  correlations — Multiple,  nidi 
mentary,  and  lowly  organized  structures  va- 
riable— Parts  developed  in  an  unusual  mannei 
are  highly  variable :  specific  characters  mow 
variable  than  generic  :  secondary  sexual  char- 
acters variable — Species  of  the  same  genuf 
vary  in  an  analogous  manner — Reversions  t« 
long-lost  characters — Summary. 

193.  I  HAVE  hitherto  sometimes  spoken 
as  if  the  variations — so    common    and 
multiform  with  organic  beings  under  do- 
mestication, and  in  a  lesser  degree  with 
those  under  nature — were  due  to  chance. 
This,  of  course,  is  a  wholly  incorrect  ex- 
pression, but  it  serves  to  acknowledge 
plainly  our  ignorance  of  the  cause  of  each 
particular  variation.     Some  authors  be- 
lieve it  to  be  as  much  the  function  of  the 
reproductive  system  to  produce  individ- 
ual differences,   or  slight  deviations   of 
structure,  as  to  make  the  child  like  its 
parents.    But  the  fact  of  variations  and 
monstrosities  occurring  much  more  fre- 
quently under  domestication  than  under 
nature,  and  the  greater  variability  of  spe- 
cies having  wide  ranges  than  of  those 
with  restricted  ranges,  lead  to  the  conclu- 
sion that  variability  is  generally  related 
to  the  conditions  of  life  to  which  each 
species  has  been  exposed  during  several 
successive    generations.      In    the    first 
chapter  I  attempted  to  show  that  changed 
conditions  act  in  two  ways,  directly  on 
the  whole  organization  or  on  certain  parts 
alone,  and  indirectly  through  the  repro- 
ductive system.     In  all  cases  there  are 
two  factors,  the  nature  of  the  organism, 
which  is  much  the  most  important  of  the 
two,  and  the  nature  of  the   conditions. 
The  direct  action  of  changed  conditions 
leads  to  definite  or  indefinite  results.     In 
the  latter  case  the  organization  seems  to 
become  plastic,  and  we  have  much  fluct- 
uating variability.     In  the  former  case 
the  nature  of  the  organism  is  such  that  it 
yields  readily,  when  subjected  to  certain 
conditions,  and  all,  or  nearly  all  the  indi- 
viduals become  modified  in  the  same  way. 

194.  It  is  very  difficult  to  decide  how 
far  changed  conditions,  such  as  of  cli- 
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mate,  food,  etc.,  have  acted  in  a  definite 
manner.  There  is  reason  to  believe  that 
in  the  course  of  time  the  effects  have 
been  greater  than  can  be  proved  by  clear 
evidence.  But  we  may  safely  conclude 
that  the  innumerable  complex  co-adapta- 
tions of  structure,  which  we  see  through- 
out nature  between  various  organic  be- 
ings, cannot  be  attributed  simply  to  such 
action.  In  the  following  cases  the  con- 
ditions seem  to  have  produced  some 
slight  definite  effect:  E.  Forbes  asserts 
that  shells  at  their  southern  limit,  and 
when  living  in  shallow  water,  are  more 
brightly  colored  than  those  of  the  same 
species  from  further  north  or  from  a 
greater  depth;  but  this  certainly  does 
not  always  hold  good.  Mr.  Gould  be- 
lieves that  birds  of  the  same  species  are 
more  brightly  colored  under  a  clear  at- 
mosphere, than  when  living  near  the 
coast  or  on  islands ;  and  Wollaston  is 
convinced  that  residence  near  the  sea  af- 
fects the  colors  of  insects.  Moquin-Tan- 
don  gives  a  list  of  plants  which,  when 
growing  near  the  sea-shore,  have  their 
leaves  in  some  degree  fleshy,  though  not 
elsewhere  fleshy.  These  slightly  varying 
organisms  are  interesting  in  as  far  as 
they  present  characters  analogous  to 
those  possessed  by  the  species  which  are 
confined  to  similar  conditions. 

195.  When  a  variation  is  of  the  slight- 
est use  to  any  being,  we  cannot  tell  how 
much  to  attribute  to  the  accumulative  ac- 
tion of  natural  selection,  and  how  much 
to  the  definite  action  of  the  conditions  of 
life.     Thus,  it  is  well  known  to  furriers 
that  animals  of  the  same   species   have 
.hicker  and  better  fur  the  further  north 
they  live ;  but  who  can  tell  how  much  of 
this  difference  may  be  due  to  the  warm- 
est-clad individuals  having  been  favored 
and  preserved  during  many  generations, 
and  how  much  to  the  action  of  the  severe 
climate  ?  for  it  would  appear  that  climate 
has  some  direct  action  on  the  hair  of  our 
domestic  quadrupeds. 

196.  Instances  could  be  given  of  sim- 
ilar varieties  being  produced   from   the 
same  species  under  external  conditions  of 
life  as  different  as  can  well  be  conceived  ; 
and,  on  the  other  hand,  of  dissimilar  va- 
rieties being  produced  under  apparently 
the  same  external  conditions.     Again,  in- 
numerable instances  are  known  to  every 
naturalist,  of  species  keeping  true,  or  not 
varying  at  all,  although  living  under  the 
most  opposite  climates.     Such  considera- 
tions as  these  incline   me    to    lay  less 
weight  on  the  direct  action  of  the  sur- 
rounding conditions,  than  on  a  tendency 


to  vary,  due  to  causes  of  which  we  are 
quite  ignorant. 

197.  In  one  sense  the  conditions  of  life 
may  be  said,  not  only  to  cause  variability, 
either  directly  or  indirectly,  but  likewise 
to  include  natural  selection  ;  for  the  con- 
ditions determine  whether    this  or  that 
variety  shall  survive.     But  when  man  is 
the  selecting  agent,  we  clearly  see  that 
the  two  elements  of  change  are  distinct ; 
variability  is  in  some  manner  excited,  but 
it  is  the  will  of  man  which  accumulates 
the  variations  in  certain  directions ;  and 
it  is  this  latter  agency  which  answers  to 
the  survival  of  the  fittest  under  nature. 

Effects  of  the  increased  Use  and  Disuse 
of  Parts,  as  controlled  by  Natural  Se- 
lection, 

198.  From  the  facts  alluded  to  in  the 
first  chapter,   I   think  there  can  be  no 
doubt  that  use  in  our  domestic  animals 
has  strengthened  and   enlarged  certain 
parts,  and  disuse  diminished  them ;  and 
that  such    modifications  are    inherited. 
Under  free  nature,  we  have  no  standard 
of  comparison,  by  which  to  judge  of  the 
effects  of  long-continued  use  or  disuse, 
for  we  know  not  the  parent-forms ;  but 
many  animals  possess  structures  which 
can  be  best  explained  by  the  effects  of 
disuse.      As    Professor  Owen    has    re- 
marked, there  is  no  greater  anomaly  in 
nature  than  a  bird  that  cannot  fly ;  yet 
there  are  several  in  this  state.     The  log- 
ger-headed duck  of  South  America  can 
only  flap  along  the  surface  of  the  water, 
and  has  its  wings  in  nearly  the  same  con- 
dition as  the  domestic  Aylesbury  duck  : 
it  is  a  remarkable  fact  that  the  young 
birds,  according  to  Mr.  Cunningham,  can 
fly,  while  the  adults  have  lost  this  power. 
As  the  larger  ground-feeding  birds  sel- 
dom take  flight  except  to  escape  danger, 
it  is  probable  that  the  nearly  wingless 
condition  of  several  birds,  now  inhabiting 
or  which  lately  inhabited  several  oceanic 
islands,  tenanted  by  no  beast  of  prey,  has 
been  caused  by  disuse.     The  ostrich  in- 
deed inhabits  continents,  and  is  exposed 
to  danger  from  which  it  cannot  escape  by 
flight,  but  it  can  defend  itself  by  kicking 
its  enemies,  as  efficiently  as  many  quad- 
rupeds.   We  may  believe  that  the  progen- 
itor of  the  ostrich  genus  had  habits  like 
those  of  the  bustard,  and  that,  as  the  size 
and  weight  of  its  body  were   increased 
during    successive   generations,  its   legs 
were    used   more,    and     its  wings   less, 
until  they  became  incapable  of  flight. 

199.  Kirby  has  remarked  (and  I  have 
observed  the  same  fact)  that  the  anterior 
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tarsi,  or  feet,  of  many  male  dung-feeding 
beetles  are  often  broken  off ;  he  examined 
seventeen  specimens  in  his  own  collec- 
tion, and  not  one  had  even  a  relic  left. 
In  the  Onites  apelles  the  tarsi  are  so  ha- 
bitually lost,  that  the  insect  has  been  de- 
scribed as  not  having  them.  In  some 
other  genera  they  are  present,  but  in  a 
rudimentary  condition.  In  the  Ateuchus 
or  sacred  beetle  of  the  Egyptians,  they 
are  totally  deficient.  The  evidence  that 
accidental  mutilations  can  be  inherited  is 
at  present  not  decisive  ;  but  the  remarka- 
ble cases  observed  by  Brown-Sequard  in 
guinea-pigs,  of  the  inherited  effects  of  op- 
erations, should  make  us  cautious  in  de- 
nying this  tendency.  Hence  it  will  per- 
haps be  safest  to  look  at  the  entire  ab- 
sence of  the  anterior  tarsi  in  Ateuchus, 
and  their  rudimentary  condition  in  some 
other  genera,  not  as  cases  of  inherited 
mutilations,  but  as  due  to  the  effects  of 
long-continued  disuse ;  for  as  many 
dung-feeding  beetles  are  generally  found 
with  their  tarsi  lost,  this  must  happen 
early  in  life  ;  therefore  the  tarsi  cannot 
be  of  much  importance  or  be  much  used 
by  these  insects. 

200.  In  some  cases  we  might  easily 
put  down  to  disuse  modifications  of 
structure  which  are  wholly,  or  mainly, 
due  to  natural  selection.  Mr.  Wollaston 
has  discovered  the  remarkable  fact  that 
200  beetles,  out  of  the  550  species  (but 
more  are  now  known)  inhabiting  Madeira, 
are  so  far  deficient  in  wings  that  they 
cannot  fly ;  and  that  of  the  twenty-nine 
endemic  genera,  no  less  than  twenty- 
three  have  all  their  species  in  this  condi- 
tion !  Several  facts, — namely,  that  beetles 
in  many  parts  of  the  world  are  frequently 
blown  to  sea  and  perish  ;  that  the  beetles 
in  Madeira,  as  observed  by  Mr.  Wollas- 
ton, lie  much  concealed,  until  the  wind 
lulls  and  the  sun  shines  ;  that  the  propor- 
tion of  wingless  beetles  is  larger  on  the 
exposed  deserts  than  in  Madeira  itself ; 
and  especially  the  extraordinary  fact,  so 
strongly  insisted  on  by  Mr.  Wollaston, 
that  certain  large  groups  of  beetles,  else- 
where excessively  numerous,  which  abso- 
lutely require  the  use  of  their  wings,  are 
here  almost  entirely  absent ; — these  sev- 
eral considerations  make  me  believe  that 
the  wingless  condition  of  so  many  Ma- 
deira beetles  is  mainly  due  to  the  action  of 
natural  selection  combined  probably  with 
disuse.  For  during  many  successive  gen- 
erations each  individual  beetle  which  flew 
least,  either  from  its  wings  having  been 
ever  so  little  less  perfectly  developed  or 
from  indolent  habit,  will  have  had  the  best 
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chance  of  surviving  from  not  being  blown 
out  to  sea ;  and,  on  the  other  hand,  those 
beetles  which  most  readily  took  to  flight 
would  oftenest  have  been  blown  to  sea, 
and  thus  destroyed. 

201.  The  insects  in  Madeira  which  are 
not  ground-feeders,  and  which,  as  certain 
flower-feeding  coleopteraand  lepidopterav 
must   habitually  use   their  wings  to  gain 
their  subsistence,  have,  as  Mr.  Wollastoa 
suspects,  their  wings  not  at  all  reduced, 
but  even  enlarged.     This  is  quite  com- 
patible with  the  action  of  natural  selec- 
tion.    For  when  anew  insect  first  arrived 
on  the  island,  the  tendency  of  natural  se- 
lection to  enlarge  or  to  reduce  the  wings, 
would  depend  on  whether  a  greater  num- 
ber of  individuals  were  saved  by  success- 
fully battling  with  the  winds,  or  by  giving 
up  the  attempt  and  rarely  or  never  flying. 
As  with   mariners  shipwrecked   near  a 
coast,  it  would  have  been  better  for  the 
good  swimmers  if  they  had  been  able  to 
swim  still  further,  whereas  it  would  have 
been  better  for  the  bad  swimmers  if  they 
had  not  been  able  to  swim  at  all  and  had 
stuck  to  the  wreck. 

202.  The  eyes  of  moles  and  of  some 
burrowing   rodents   are  rudimentary  in 
size,  and  in  some  cases  are  quite  covered 
by  skin  and  fur.     This  state  of  the  eyes 
is  probably  due  to  gradual  reduction  from 
disuse,  but  aided  perhaps  by  natural  se- 
lection.    In  South  America,  a  burrowing 
rodent,    the    tuco-tuco,  or  Ctenomys,  is 
even  more  subterranean  in  its  habits  than 
the  mole ;  and  I  was  assured  by  a  Span- 
iard, who  had  often  caught  them,   that 
they  were  frequently  blind.     One  which  I 
kept  alive  was  certainly  in  this  condition, 
the  cause,  as  appeared  on  dissection,  hav- 
ing been  inflammation  of  the  nictitating 
membrane.     As  frequent  inflammation  of 
the  eyes  must  be  injurious  to  any  animal, 
and  as  eyes  are  certainly  not  necessary  to 
animals  having  subterranean  habits,  a  re- 
duction in  their  size,  with  the  adhesion  of 
the  eyelids  and  growth  of  fur  over  them, 
might  in  such  case  be  an  advantage ;  and 
if  so,  natural  selection  would  aid  the  ef- 
fects of  disuse. 

203.  It  is  well  known  that  several  ani- 
mals, belonging  to  the    most    different 
classes,  which  inhabit  the  caves  of  Carni- 
olaand  of  Kentucky,  are  blind.     In  some 
of  the  crabs  the  foot-stalk  for  the  eye  re- 
mains, though  the  eye  is  gone  ;  the  stand 
for  the  telescope  is  there,  though  the  tel- 
escope with  its  glasses  has  been  lost.     As 
it  is  difficult  to  imagine  that  eyes,  though 
useless,  could  be  in  any  way  injurious  to 
animals  living  in  darkness,  their  loss  may 
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be  attributed  to  disuse.  In  one  of  the 
blind  animals,  namely,  the  cave-rat  (Neo- 
toma),  two  of  which  were  captured  by 
Professor  Silliman,  at  above  half  a  mile 
distance  from  the  mouth  of  the  cave,  and 
therefore  not  in  the  profoundest  depths, 
the  eyes  were  lustrous  and  of  large  size  ; 
and  these  animals,  as  I  am  informed  by 
Professor  Silliman,  after  having  been  ex- 
posed for  about  a  month  to  a  graduated 
light,  acquired  a  dim  perception  of  ob- 
jects. 

204.  It  is  difficult  to  imagine  condi- 
tions of  life  more  similar  than  deep  lime- 
stone caverns  under  a  nearly  similar  cli- 
mate ;  so  that,  in  accordance  with  the  old 
view  of  the  blind  animals  having  been 
separately  created  for  the  American  and 
European  caverns,  very  close  similarity  in 
their  organization  and  affinities  might 
have  been  expected.  This  is  certainly 
not  the  case  if  we  look  at  the  two  whole 
faunas ;  and  with  respect  to  the  insects 
alone,  Schiddte  has  remarked,  "  We  are 
accordingly  prevented  from  considering 
the  entire  phenomenon  in  any  other  light 
than  something  purely  local,  and  the  sim- 
ilarity which  is  exhibited  in  a  few  forms 
between  the  Mammoth  cave  (in  Ken- 
tucky) and  the  caves  in  Carniola,  other- 
wise than  as  a  very  plain  expression  of 
that  analogy  which  subsists  generally  be- 
tween the  fauna  of  Europe  and  of  North 
America."  On  my  view  we  must  sup- 
pose that  American  animals,  having  in 
most  cases  ordinary  powers  of  vision, 
slowly  migrated  by  successive  generations 
from  the  outer  world  .nto  the  deeper  and 
deeper  recesses  of  the  Kentucky  caves,  as 
did  European  animals  into  the  caves  of 
Europe.  We  have  some  evidence  of  this 
gradation  of  habit ;  for;  as  Schiodte  re- 
marks, "  We  accordingly  look  upon  the 
subterranean  faunas  as  small  ramifica- 
tions which  have  penetrated  into  the  earth 
from  the  geographically  limited  faunas  of 
the  adjacent  tracts,  and  which,  as  they 
extended  themselves  into  darkness,  have 
been  accommodated  to  surrounding  cir- 
cumstances. Animals  not  far  remote  from 
ordinary  forms,  prepare  the  transition 
from  light  to  darkness.  Next  follow  those 
that  are  constructed  for  twilight ;  and,  last 
of  all,  those  destined  for  total  darkness, 
and  whose  formation  is  quite  peculiar." 
These  remarks  of  Schiodte's,  it  should  be 
understood,  apply  not  to  the  same,  but  to 
distinct  species.  By  the  time  that  an  ani- 
mal had  reached,  after  numberless  gener- 
ations, the  deepest  recesses,  disuse  will 
on  this  view  have  more  or  less  perfectly 
obliterated  its  eyes,  and  natural  selection 
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will  often  have  effected  other  changes, 
such  as  an  increase  in  the  length  of  the 
antennae  or  palpi,  as  a  compensation  for 
blindness.  Notwithstanding  such  modifi- 
cations, we  might  expect  still  to  see  in  the 
cave-animals  of  America,  affinities  to  the 
other  inhabitants  of  that  continent,  and 
in  those  of  Europe  to  the  inhabitants  of 
the  European  continent.  And  this  is  the 
case  with  some  of  the  American  cave- 
animals,  as  I  hear  from  Professor  Dana ; 
and  some  of  the  European  cave-insects 
are  very  closely  allied  to  those  of  the 
surrounding  country.  It  would  be  diffi- 
cult to  give  any  rational  explanation  of 
the  affinities  of  the  blind  cave-animals  to 
the  other  inhabitants  of  the  two  conti- 
nents on  the  ordinary  view  of  their  inde- 
pendent creation.  That  several  of  the  in- 
habitants of  the  caves  of  the  Old  and 
New  Worlds  should  be  closely  related,  we 
might  expect  from  the  well-known  rela- 
tionship of  most  of  their  other  productions 
As  a  blind  species  of  Bathyscia  is  found 
in  abundance  on  shady  rocks  far  from 
caves,  the  loss  of  vision  in  the  cave-spe- 
cies of  this  one  genus  has  probably  had 
no  relation  to  its  dark  habitation  ;  for  it 
is  natural  that  an  insect  already  deprived 
of  vision  should  readily  become  adapted 
to  dark  caverns.  Another  blind  genus 
(Anophthalmus)  offers  this  remarkable 
peculiarity,  that  the  species,  as  Mr.  Mur- 
ray observes,  have  not  as  yet  been  found 
anywhere  except  in  caves ;  yet  those 
which  inhabit  the  several  caves  of  Eu- 
rope and  America  are  distinct ;  but  it  is 
possible  that  the  progenitors  of  these  sev- 
eral species,  while  they  were  furnished 
with  eyes,  may  formerly  have  ranged  over 
both  continents,  and  then  have  become 
extinct,  excepting  in  their  present  seclud- 
ed abodes.  Far  from  feeling  surprise  that 
some  of  the  cave-animals  should  be  very 
anomalous,  as  Agassiz  has  remarked  in 
regard  to  the  blind  fish,  the  Amblyopsis. 
and  as  is  the  case  with  the  blind  Proteus 
with  reference  to  the  reptiles  of  Europe, 
I  am  only  surprised  that  more  wrecks  of 
ancient  life  have  not  been  preserved, 
owing  to  the  less  severe  competition  to 
which  the  scanty  inhabitants  of  these  dark 
abodes  will  have  been  exposed. 

Acclimatization. 

205.  Habit  is  hereditary  with  plants, 
as  in  the  period  of  flowering,  in  the  time 
of  sleep,  in  the  amount  of  rain  requisite 
for  seeds  to  germinate,  etc.,  and  this  leads 
me  to  say  afew.words  on  acclimatization. 
As  it  is  extremely  common  for  distinct 
species  belonging  to  the  same  genus  to 


ORIGLV  OF  SPECIES. 


153 


inhabit  hot  and  cold  countries,  if  it  be  true 
that  all  the  species  of  the  same  genus  are 
descended  from  a  single  parent-form,  ac- 
climatization must  be  readily  effected 
during  a  long  course  of  descent.  It  is 
notorious  that  each  species  is  adapted  to 
the  climate  of  its  own  home :  species 
from  an  arctic  or  even  from  a  temperate 
region  cannot  endure  a  tropical  climate, 
or  conversely.  So  again,  many  succulent 
plants  cannot  endure  a  damp  climate. 
But  the  degree  of  adaptation  of  species 
to  the  climates  under  which  they  live  is 
often  overrated.  We  may  infer  this  from 
our  frequent  inability  to  predict  whether 
or  not  an  imported  plant  will  endure  our 
climate,  and  from  the  number  of  plants 
and  animals  brought  from  different  coun- 
tries which  are  here  perfectly  healthy. 
We  have  reason  to  believe  that  species  in  a 
state  of  nature  are  closely  limited  in  their 
ranges  by  the  competition  of  other  or- 
ganic beings  quite  as  much  as,  or  more 
than,  by  adaptation  to  particular  climates. 
But  whether  or  not  this  adaptation  is  in 
most  cases  very  close,  we  have  evidence 
with  some  few  plants,  of  their  becoming, 
to  a  certain  extent,  naturally  habituated 
to  different  temperatures;  that  is,  they 
become  acclimatized :  thus  the  pines  and 
rhododendrons,  raised  from  seed  collected 
by  Dr.  Hooker  from  the  same  species 
growing  at  different  heights  on  the  Him- 
alaya, were  found  to  possess  in  this  coun- 
try different  constitutional  powers  of  re- 
sisting cold.  Mr.  Thwaites  informs  me 
that  he  has  observed  similar  facts  in  Cey- 
lon ;  analogous  observations  have  been 
made  by  Mr.  H.  C.  Watson  on  European 
species  of  plants  brought  from  the  Azores 
to  England ;  and  I  could  give  other  cases. 
In  regard  to  animals,  several  authentic  in- 
stances could  be  adduced  of  species  hav- 
ing largely  extended,  within  historical 
times,  their  range  from  warmer  to  cooler 
latitudes,  and  conversely  ;  but  we  do  not 
positively  know  that  these  animals  were 
strictly  adapted  to  their  native  climate, 
though  in  all  ordinary  cases  we  assume 
such  to  be  the  case ;  nor  do  we  know  that 
they  have  subsequently  become  specially 
acclimatized  to  their  new  homes,  so  as  to 
be  better  fitted  for  them  than  they  were 
at  first. 

206.  As  we  may  infer  that  our  domes- 
tic animals  were  originally  chosen  by  un- 
civilized man  because  they  were  useful 
and  because  they  bred  readily  under  con- 
finement, and  not  because  they  were  sub- 
sequently found  capable  of  far-extended 
transportation,  the  common  and  extraor- 
dinary capacity  in  our  domestic  animals 


of  not  only  withstanding  the  most  differ- 
ent climates,  but  of  being  perfectly  fertile 
(a  far  severer  test)  under  them,  may  be 
used  as  an  argument  that  a  large  propor- 
tion of  other  animals  now  in  a  state  of 
nature  could  easily  be  brought  to  bear 
widely  different  climates.  We  must  not, 
however,  push  the  foregoing  argument 
too  far,  on  account  of  the  probable  origin 
of  some  of  our  domestic  animals  from 
several  wild  stocks ;  the  blood,  for  in- 
stance, of  a  tropical  and  arctic  wolf  may 
perhaps  be  mingled  in  our  domestic 
breeds.  The  rat  and  mouse  cannot  be 
considered  as  domestic  animals,  but  they 
have  been  transported  by  man  to  many 
parts  of  the  world,  and  now  have  a  far 
wider  range  than  any  other  rodent;  for 
they  live  under  the  cold  climate  of  Faroe 
in  the  north  and  of  the  Falklands  in  the 
south,  and  on  many  an  island  in  the  tor- 
rid zones.  Hence  adaptation  to  any 
special  climate  may  be  looked  at  as  a 
quality  readily  grafted  on  an  innate 
wide  flexibility  of  constitution,  common 
to  most  animals.  On  this  view,  the  ca- 
pacity of  enduring  the  most  different  cli- 
mates by  man  himself  and  by  his  domes- 
tic animals,  and  the  fact  of  the  extinct  el- 
ephant and  rhinoceros  having  formerly 
endured  a  glacial  climate,  whereas  the 
living  species  are  now  all  tropical  or  sub- 
tropical in  their  habits,  ought  not  tp  be 
looked  at  as  anomalies,  but  as  examples 
of  a  very  common  flexibility  of  constitu- 
tion, brought,  under  peculiar  circum- 
stances, into  action. 

207.  How  much  of  the  acclimatization 
of  species  to  any  peculiar  climate  is  due 
to  mere  habit,  and  how  much  to  the  nat- 
ural selection  of  varieties  having  differ- 
ent innate  constitutions,  and  how  much 
to  both  means  combined,  is  an  obscure 
question.  That  habit  or  custom  has 
some  influence,  I  must  believe,  both  from 
analogy  and  from  the  incessant  advice 
given  in  agricultural  works,  even  in  the 
ancient  Encyclopedias  of  China,  to  be 
very  cautious  in  transporting  animals  from 
one  district  to  another.  And  as  it  is  not 
likely  that  man  should  have  succeeded  in 
selecting  so  many  breeds  and  sub-breeds 
with  constitutions  specially  fitted  for  their 
own  districts,  the  result  must,  I  think,  be 
due  to  habit.  On  the  other  hand,  natu- 
ral selection  would  inevitably  tend  to  pre- 
serve those  individuals  which  were  born 
with  constitutions  best  adapted  to  any 
country  which  they  inhabited.  In  trea- 
tises on  many  kinds  of  cultivated  plants, 
certain  varieties  are  said  to  withstand 
certain  climates  better  than  others ;  this 
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is  strikingly  shown  in  works  on  fruit- 
trees  published  in  the  United  States,  in 
which  certain  varieties  are  habitually  rec- 
ommended for  the  northern  and  others 
for  the  southern  States ;  and  as  most  of 
these  varieties  are  of  recent  origin,  they 
cannot  owe  their  constitutional  differ- 
ences to  habit.  The  case  of  the  Jerusa- 
lem artichoke,  which  is  never  propagated 
in  England  by  seed,  and  of  which  conse- 
quently new  varieties  have  not  been 
produced,  has  even  been  advanced,  as 
proving  that  acclimatization  cannot  be 
effected,  for  it  is  now  as  tender  as  ever  it 
was !  The  case  also,  of  the  kidney-bean 
has  been  often  cited  for  a  similar  pur- 
pose, and  with  much  greater  weight; 
but  until  some  one  will  sow,  during  a 
score  of  generations,  his  kidney-beans  so 
early  that  a  very  large  proportion  are  de- 
stroyed by  frost,  and  then  collect  seed 
from  the  few  survivors,  with  care  to  pre- 
vent accidental  crosses,  and  then  again 
get  seed  from  these  seedlings,  with  the 
same  precautions,  the  experiment  cannot 
be  said  to  have  been  tried.  Nor  let  it 
be  supposed  that  differences  in  the  con- 
stitution of  seedling  kidney-beans  never 
appear,  for  an  account  has  been  published 
how  much  more  hardy  some  seedlings 
are  than  others;  and  of  this  fact  I  have 
myself  observed  striking  instances. 

208.  On  the  whole, ,  we  may  conclude 
that  habit,  or  use  and   disuse,  have,  in 
some  cases,  played  a  considerable  part  in 
the  modification  of  the  constitution  and 
structure  ;  but  that  the  effects  have  often 
been  largely  combined  with,  and  some- 
times overmastered  by,  the  natural  selec- 
tion of  innate  variations. 

Correlated  Variation. 

209.  I  mean  by  this  expression  that  the 
whole   organization   is   so   tied   together 
during  its  growth  and  development,  that 
when   slight  variations  in  any  one   part 
occur,  and  are  accumulated  through  nat- 
ural selection,  other  parts  become  modi- 
fied.    This  is  a  very  important   subject, 
most    imperfectly    understood,    and    no 
doubt  wholly  different  classes   of  facts 
may  be  here  easily  confounded  together. 
We  shall  presently  see  that  simple  inher- 
itance often  gives  the  false  appearance  of 
correlation.     One   of   the   most    obvious 
real  cases  is,  that  variations  of  structure 
arising  in  the  young  or  larvae   naturally 
tend  to  affect  the  structure  of  the  mature 
animal.     The   several  parts  of  the  body 
which  are  homologous,  and  which,  at  an 
earl"  embryonic  period  are  identical  in 
structure,  and  which  are  necessarily  ex- 


posed to  similar  conditions,  seem  emi- 
nently liable  to  vary  in  a  like  manner: 
we  see  this  in  the  right  and  left  sides  of 
the  body  varying  in  the  same  manner; 
in  the  front  and  hind  legs,  and  even  in 
the  jaws  and  limbs,  varying  together, 
for  the  lower  jaw  is  believed  by  some 
anatomists  to  be  homologous  with  the 
limbs.  These  tendencies,  I  do  not  doubt, 
may  be  mastered  more  or  less  com- 
pletely by  natural  selection  :  thus  a  fam- 
ily of  stags  once  existed  with  an  antler 
only  on  one  side ;  and  if  this  had  been  of 
any  great  use  to  the  breed,  it  might 
probably  have  been  rendered  permanent 
by  selection. 

210.  Homologous  parts,  as  has   been 
remarked  by  some  authors,  tend  to  co- 
here; this   is   often    seen   in   monstrous 
plants :  and    nothing  is  more  common 
than  the  union  of  homologous   parts  in 
normal  structures,  as  in  the  union  of  the 
petals  into  a  tube.     Hard  parts  seem  to 
affect  the  form  of  adjoining  soft  parts  ;  it 
is  believed   by  some  authors  that   with 
birds  the   diversity  in  the   shape  of  the 
pelvis  causes  the  remarkable  diversity  in 
the  shape  of  their  kidneys.     Others  be- 
lieve that  the  shape  of  the  pelvis  in  the 
human  mother  influences  by  pressure  the 
shape    of    the    head    of    the   child.     In 
snakes,  according  to  Schlegel,  the  form 
of  the  body  and  the  manner  of  swallow- 
ing determine  the  position  and  form  of 
several  of  the  most  important  viscera. 

211.  The  nature  of  the  bond  is  fre- 
quently quite  obscure.     M.  Is.  Geoffroy 
St.   Hilaire   has   forcibly  remarked,  that 
certain  malconformations  frequently,  and 
that  others  rarely,  co-exist,  without  our 
being  able  to  assign  any  reason.     What 
can  be  more  singular  than  the  relation  m 
cats   between    complete  whiteness    and 
blue  eyes  with  deafness,  or  between  the 
tortoise-shell   color  and  the  female  sex; 
or  in  pigeons    between  their  feathered 
feet  and  skin  betwixt  the  outer  toes,  or 
between  the   presence  of  more  or   less 
down  on  the  young  pigeon  when  first 
hatched,  with  the  future  color  of  its  plu- 
mage ;  or,   again,   the   relation   between 
the  hair  and  teeth  in  the  naked  Turkish 
dog,   though  here   no   doubt    homology 
comes  into  play?     With   respect  to  this 
latter  case  of  correlation,  I  think  it  can 
hardly  be  accidental,  that  the  two  orders 
of  mammals  which  are  most  abnormal  in 
their     dermal     covering,     viz.,     Cetacea 
(whales)     and     Edentata     (armadilloes, 
scaly  ant-eaters,  etc.),  are  likewise  on  the 
whole  the  most  abnormal  in  their  teeth ; 
but  there  are  so  many  exceptions  to  this 
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rule,  as  Mr.  Mivart  has  remarked,  that  it 
has  little  value. 

212.  I  know  of  no  case  better  adapted 
to  show  the  importance  of  the   laws  of 
correlation  and  variation,   independently 
of  utility  and  therefore  of  natural  selec- 
tion, than  that  of  the  difference  between 
the    outer    and   inner   flowers    in    some 
Compositous   and  Umbelliferous  plants. 
Every  one  is  familiar  with  the  ray  and 
central  florets  of,  for  instance,  the  daisy, 
and  this  difference  is  often  accompanied 
with  the  partial  or  complete  abortion  of 
the  reproductive  organs.     But  in  some 
of  these  plants,  the  seeds  also  differ  in 
shape  and  sculpture.     These  differences 
have  sometimes  been  attributed  to  the 
pressure  of  the  involucra  on  the  florets, 
or  to  their  mutual  pressure,  and  the  shape 
of  the  seeds  in  the   ray-florets  of  some 
Compositas  countenances  this  idea;   but 
with  the  Umbelliferae,  it  is  by  no  means, 
as  Dr.  Hooker  informs   me,  the  species 
with  the  densest  heads  which  most  fre- 
quently differ  in  their  inner  and   outer 
flowers.     It   might   have    been    thought 
that  the  development  of  the  ray-petals  by 
drawing  nourishment  from  the  reproduc- 
tive organs  causes  their  abortion ;   but 
this  can  hardly  be  the  sole  cause,  for  in 
some  Compositas  the  seeds  of  the  outer 
and  inner  florets  differ,  without  any  dif- 
ference  in    the   corolla.     Possibly  these 
several    differences    may    be    connected 
with  the  different  flow  of  nutriment  to- 
ward the  central  and   external   flowers : 
we  know,  at  least,  that  with  irregular  flow- 
ers, those   nearest  to  the  axis  are   most 
subject  to  peloria,  that  is  to  become  ab- 
normally symmetrical.     I  may  add,  as  an 
instance  of  this  fact,   and  as  a  striking 
case  of  correlation,  that  in  many  pelargo- 
niums, the  two  upper  petals  in  the  cen- 
tral flower  of  the  truss  often   lose  their 
patches  of  darker  color;  and  when  this 
occurs,    the    adherent    nectary  is    quite 
aborted ;  the  central  flower  thus  becom- 
ing peloric  or  regular.     When  the  color 
is  absent  from  only  one  of  the  two  upper 
petals,  the  nectary  is  not  quite  aborted 
but  is  much  shortened. 

213.  With  respect  to  the  development 
of  the  corolla,  Sprengel's  idea  that  the 
ray-florets  serve  to  attract  insects,  whose 
agency  is  highly  advantageous  or  neces- 
sary for  the  fertilization  of  these  plants, 
is  highly  probable  ;  and  if  so,  natural  se- 
lection may  have  come   into  play.     But 
with  respect  to  the  seeds,  it  seems  impos- 
sible that  their  differences  in  shape,  which 
are  not  always  correlated  with  any  differ- 
ence in  the   corolla,  can  be  in  any  way 


beneficial:  yet  in  the  Umbelliferas  these 
differences  are  of  such  apparent  impor- 
tance— the  seeds 'being  sometimes  ortho- 
spermous  in  the  exterior  flowers  and  coe- 
lospermous  in  the  central  flowers, — that 
the  elder  De  Candolle  founded  his  main 
divisions  in  the  order  on  such  characters. 
Hence  modifications  of  structure,  viewed 
by  systematists  as  of  high  value,  may  be 
wholly  due  to  the  laws  of  variation  and 
correlation,  without  being,  as  far  as  we 
can  judge,  of  the  slightest  service  to  the 
species. 

214.  We   may  often    falsely  attribute 
to  correlated  variation   structures  which 
are  common  to  whole  groups  of  species, 
and  which  in  truth  are  simply  due  to  in- 
heritance ;  for  an  ancient  progenitor  may 
have  acquired  through  natural  selection 
some  one  modification  in  structure,  and, 
after    thousands    of    generations,    some 
other  and  independent  modification ;  and 
these    two    modifications,    having    been 
transmitted  to  a  whole  group,  of  descend- 
ants with  diverse  habits,  would  naturally 
be  thought  to  be  in  some  necessary  man- 
ner correlated.     Some  other  correlations 
are    apparently  due  to  the    manner  in 
which   natural   selection   can   alone   act. 
For  instance,  Alph.  de  Candolle  has  re- 
marked   that  winged    seeds    are    never 
found   in   fruits  which   do  not   open :  I 
should  explain  this  rule   by  the    impos- 
sibility   of    seeds     gradually     becoming 
winged  through  natural  selection,  unless 
the  capsules  were  open ;  for  in  this  case 
alone  could  the  seeds,  which  were  a  little 
better  adapted  to  be  wafted  by  the  wind, 
gain  an  advantage  over  others  less  well 
fitted  for  wide  dispersal. 

Compensation  and  Economy  of  Growth. 

215.  The  elder  Geoffroy  and  Goethe 

Eropounded,  at  about  the  same  time,  their 
iw  of  compensation  or  balancement  of 
growth ;  or  as  Goethe  expressed  it,  "  in 
order  to  spend  on  one  side,  nature  is 
forced  to  economize  on  the  other  side." 
I  think  this  holds  true  to  a  certain  extent 
with  our  domestic  productions :  if  nour- 
ishment flows  to  one  part  or  organ  in  ex- 
cess, it  rarely  flows,  at  least  in  excess,  to 
another  part ;  thus  it  is  difficult  to  get  a 
cow  to  give  much  milk  and  to  fatten 
readily.  The  same  varieties  of  the  cab- 
bage do  not  yield  abundant  and  nutritious 
foliage  and  a  copious  supply  of  oil-bearing 
seeds.  When  the  seeds  in  our  fruits  be- 
come atrophied,  the  fruit  itself  gains 
largely  in  size  and  quality.  In  our 
poultry,  a  large  tuft  of  feathers  on  the 
head  is  generally  accompanied  by  a  di- 
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minisned  comb,  and  a  large  beard  by 
diminished  wattles.  With  species  in  a 
state  of  nature  it  can  hardly  be  main- 
tained that  the  law  is  of  universal  appli- 
cation; but  many  good  observers,  more 
especially  botanists,  believe  in  its  truth. 
I  will  not,  however,  here  give  any  in- 
stances, for  I  see  hardly  any  way  of  dis- 
tinguishing between  the  effects,  on  the 
one  hand,  of  a  part  being  largely  devel- 
oped through  natural  selection  and  an- 
other and  adjoining  part  being  reduced 
by  this  same  process  or  by  disuse,  and, 
on  the  other  hand,  the  actual  withdrawal 
of  nutriment  from  one  part  owing  to  the 
excess  of  growth  in  another  and  adjoin- 
ing part. 

216.  I  suspect,  also,  that  some  ol    he 
cases  of  compensation  which  have  been 
advanced,  and  likewise  some  other  facts, 
may  be  merged  under  a  more  general 
principle,  namely,  that  natural  selection  is 
continually  trying  to  economize  every  part 
of  the  organization.     If  under  changed 
conditions  of  life  a  structure,  before  use- 
ful, becomes  less  useful,  its  diminution 
will  be  favored,  for  it  will  profit  the  indi- 
vidual not  to  have  its  nutriment  wasted 
in  building  up  an  useless  structure.     I 
can  thus  only  understand   a  fact  with 
which  I  was  much  struck  when  examin- 
ing cirripedes,  and  of  which  many  analo- 
gous instances  could  be  given :  namely, 
that  when  a  cirripede  is  parasitic  within 
another  cirripede  and  is  thus  protected, 
it  loses  more  or  less  completely  its  own 
shell  or  carapace.     This  is  the  case  with 
the  male  Ibla,  and  in  a  truly  extraordi- 
nary manner  with  the  Proteolepas :  for 
the  carapace  in  all  other  cirripedes  con- 
sists of  the  three  highly-important  anterior 
segments  of  the  head  enormously  devel- 
oped, and   furnished   with  great  nerves 
and   muscles ;   but  in   the  parasitic  and 
protected  Proteolepas,  the  whole  anterior 
part  of  the  head  is  reduced  to  the  merest 
rudiment  attached   to  the  bases  of  the 
prehensile  antennae.     Now  the  saving  of 
a  large  and  complex  structure,  when  ren- 
dered superfluous,  would   be  a  decider 
advantage  to  each  successive  individual 
of  the  species  ;  for  in  the  struggle  for  life 
to  which  every  animal  is  exposed,  each 
would  have  a  better  chance  of  supporting 
itself,  by  less  nutriment  being  wasted. 

217.  Thus,  as  I  believe,  natural  selec- 
tion will  tend  in  the  long  run  to  reduce 
any  part  of  the  organization,  as  soon  as  it 
becomes,  through  changed  habits,  super- 
fluous,  without  by  any  means  causing 
some  other  part  to  be  largely  developed 
in  a  corresponding  degree.     And,  con- 


versely, that  natural  selection  may  per- 
fectly well  succeed  in  largely  developing 
an  organ  without  requiring  as  a  necessary 
compensation  the  reduction  of  some  ad- 
joining part. 

Multiple,  Rudimentary,  and  Lowly-or- 
ganized Structures  are  Variable. 

218.  It  seems  to  be  a  rule,  as  remarked 
by  Is.  Geoffrey  St.  Hilaire,  both  with  va- 
rieties and  species,  that  when  any  part  or 
organ  is  repeated  many  times  in  the  same 
individual  (as  the  vertebra?  in  snakes,  and 
the  stamens  in  polyandrous  flowers)  the 
number  is  variable ;   whereas  the   same 
part  or  organ,  when  it  occurs  in  lesser 
numbers,  is  constant.     The  same  author 
as  well  as  some  botanists  have  further 
remarked    that    multiple   parts    are  ex- 
tremely liable  to  vary  in  structure.     As 
"  vegatative    repetition,"    to    use     Prof. 
Owen's  expression,  is  a  sign  of  low  or- 
ganization, the  foregoing  statements  ac- 
cord with  the  common  opinion  of  natur- 
alists, that  beings  which  stand  low  in  the 
scale  of  nature  are  more  variable  than 
those  which  are  higher.     I  presume  that 
lowness  here  means  that  the  several  parts 
of  the  organization  have  been  but  little 
specialized  for  particular  functions ;   and 
as  long  as  the  same  part  has  to  perform 
diversified  work,  we  can  perhaps  see  why 
it   should  remain  variable,  that   is  why 
natural  selection   should   not   have  pre- 
served or  rejected  each  little  deviation  of 
form  so  carefully  as  when  the  part  has  to 
serve  for  some  one  special  purpose.     In 
the  same  way  that  a  knife  which  has  to  cut 
all  sorts  of  things  may  be  of  almost  any 
shape;   while  a  tool  for  some  particular 
purpose  must  be  of  some  particular  shape. 
Natural  selection,  it  should  never  be  for- 
gotten, can  act  solely  through  and  for  the 
advantage  of  each  being. 

219.  Rudimentary  parts,  as  it  is  gener- 
ally admitted,  are  apt  to  be  highly  vari- 
able.    We  shall  have  to  recur  to  this 
subject;  and  I  will  here  only  add  that 
their  variability  seems  to  result  from  their 
uselessness,  and  consequently  from  nat- 
ural selection  having  had  no  power  to 
check  deviations  in  their  structure. 

A  part  developed  in  any  Species  in  an 
.  xtraor dinar y  degree  or  manner,  in 
comparison  with  the  same  Part  in 
allied  Species,  tends  to  be  highly  vari- 
able. 

220.  Several    years   ago    I   was   much 
struck  by  a  remark,  to  the  above  effect, 
made    by  Mr.    Waterhouse.      Professor 
Owen,  also,  seems  to   have  come  to  a 
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nearly  similar  conclusion.  It  is  hopeless 
to  attempt  to  convince  any  one  of  the 
truth  of  the  above  proposition  without 
giving  the  long  array  of  facts  which  I 
have  collected,  and  which  cannot  possibly 
be  here  introduced.  I  can  only  state  my 
conviction  that  it  is  a  rule  of  high  gener- 
ality. I  am  aware  of  several  causes  of 
error,  but  I  hope  that  I  have  made  due 
allowance  for  them.  It  should  be  under- 
stood that  the  rule  by  no  means  applies 
to  any  part,  however  unusually  developed, 
unless  it  be  unusually  developed  in  one 
species  or  in  a  few  species  in  comparison 
with  the  same  part  in  many  closely  allied 
species.  Thus  the  wing  of  a  bat  is  a 
most  abnormal  structure  in  the  class  of 
mammals ;  but  the  rule  would  not  apply 
here,  because  the  whole  group  of  bats 
possesses  wings ;  it  would  apply  only  if 
some  one  species  had  wings  developed  in 
a  remarkable  manner  in  comparison  with 
the  other  species  of  the  same  genus. 
The  rule  applies  very  strongly  in  the  case 
of  secondary  sexual  characters,  when  dis- 
played in  any  unusual  manner.  The 
term,  secondary  sexual  characters,  used 
by  Hunter,  relates  to  characters  which 
are  attached  to  one  sex,  but  are  not  di- 
rectly connected  with  the  act  of  repro- 
duction. The  rule  applies  to  males 
and  females ;  but  more  rarely  to  the 
females,  as  they  seldom  offer  remarkable 
secondary  sexual  character.  The  rule 
being  so  plainly  applicable  in  the  case  of 
secondary  sexual  characters,  may  be  due 
to  the  great  variability  of  these  characters, 
whether  or  not  displayed  in  any  unusual 
manner — of  which  fact  I  think  there  can 
be  little  doubt.  But  that  our  rule  is  not 
corfined  to  secondary  sexual  characters 
is  clearly  shown  in  the  case  of  hermaph- 
rodite cirripedes  ;  I  particularly  attended 
to  Mr.  Waterhouse's  remark,  while  in- 
vestigating this  Order,  and  I  am  fully 
convinced  that  the  rule  almost  always 
holds  good.  I  shall,  in  a  future  work, 
give  a  list  of  all  the  more  remarkable 
cases ;  I  will  here  give  only  one,  as  it 
illustrates  the  rule  in  its  largest  applica- 
tion. The  opercular  valves  of  sessile 
cirripedes  (rock  barnacles)  are,  in  every 
sense  of  the  word,  very  important  struct- 
ures, and  they  differ  extremely  little  even 
in  distinct  genera;  but  in  the  several 
species  of  one  genus,  Pyrgoma,  these 
valves  present  a  marvelous  amount  of 
diversification  ;  the  homologous  valves  in 
the  different  species  being  sometimes 
wholely  unlike  in  shape  ;  and  the  amount 
of  variation  in  the  individuals  of  the  same 
species  is  so  great,  that  it  is  no  exaggera- 


tion to  state  that  the  varieties  ol  the 
same  species  differ  more  from  each  other 
in  the  characters  derived  from  these  im- 
portant organs,  than  do  the  species  be- 
longing to  other  distinct  genera. 

221.  As  with  birds  the  individuals  of 
the  same  species,   inhabiting  the   same 
country,   vary    extremely   little,   I    have 
particularly  attended  to  them ;  and  the  rule 
certainly  seems  to  hold  good  in  this  class 
I   cannot  make  out   that   it   applies    to 
plants,   and   this  would   have    seriously 
shaken  my  belief  in  its  truth,  had  not  the 
great  variability  in  plants  made  it  partic- 
ularly difficult  to  compare  their  relative 
degrees  of  variability. 

222.  When  we  see  any  part  or  organ 
developed   in   a   remarkable    degree    or 
manner  in  a  species,  the  fair  presumption 
is  that  it  is  of  high  importance  to  that 
species;   nevertheless   it  is   in   this  case 
eminently    liable    to    variation.      Why 
should   this  be  so  ?     On   the  view  tha't 
each    species    has    been    independently 
created,  with  all  its  parts  as  we  now  see 
them,  I  can  see  no  explanation.     But  on 
the  view  that  groups  of  species  are  de- 
scended from  some  other  species,  and 
have  been  modified  through  natural  se- 
lection, I  think  we  can  obtain  some  light. 
First  let  me  make  some  preliminary  re- 
marks.    If,  in  our  domestic  animals,  any 
part  or  the  whole  animal  be  neglected, 
and  no  selection  be  applied,  that  part  (for 
instance,  the  comb  in  the  Dorking  fowl) 
or  the  whole  breed  will  cease  to  have  a 
uniform  character ;   and  the  breed  may 
be     said     to     be     degenerating.       In 
rudimentary     organs,     and     in      those 
which  have  been  but  little  specialized  for 
any  particular  purpose,  and  perhaps  in 
polymorphic    groups,   we    see   a   nearly 
parallel  case ;   for  in  such  cases  natural 
selection  either  has  not  or  cannot  have 
come  into  full  play,  and  thus  the  organ- 
ization is  left  in  a  fluctuating  condition. 
But  what  here  more  particularly  concerns 
us  is,  that  those  points  in  our  domestic 
animals,  which  at  the  present  time  are 
undergoing   rapid   change  by  continued 
selection,  are  also  eminently  liable  to  va- 
riation.    Look  at  the  individuals  of  the 
same  breed  of  the  pigeon,  and  see  what 
a  prodigious  amount  of  difference  there  is 
in  the  beaks  of  tumblers,  in  the  beaks  and 
wattle  of  carriers,  in  the  carriage  and  tail 
of  fantails,  etc.,  these  being  the  points 
now  mainly  attended  to  by  English  fan- 
ciers.    Even  in  the  same  sub-breed,  as  in 
that  of    the  short-faced   tumbler,   it    is 
notoriously  difficult  to  breed  nearly  per- 
fect birds,  many  departing  widely  from 
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the  standard.  There  may  truly  be  said 
to  be  a  constant  struggle  going  on  be- 
tween, on  the  one  hand,  the  tendency  to 
reversion  to  a  less  perfect  state,  as  well 
an  innate  tendency  to  new  variations,  and, 
on  the  other  hand,  the  power  of  steady 
selection  to  keep  the  breed  true.  In  the 
long  run  selection  gains  the  day,  and  we 
do  not  expect  to  fail  so  completely  as  to 
breed  bird  as  coarse  as  a  common  tum- 
bler pigeon  from  a  good  short-faced 
strain.  But  as  long  as  selection  is  rapidly 
going  on,  much  variability  in  the  parts 
undergoing  modification  may  always  be 
expected. 

223.  Now  let  us  turn  to  nature, 
a  part  has  been  developed  in  an  extraor- 
dinary manner  in  any  one  species,  com- 
pared with  the  other  species  of  the  same 
genus,  we  may  conclude  that  this  part 
has  undergone  an  extraordinary  amount 
of  modification  since  the  period  when  the 
several  species  branched  off  from  the 
common  progenitor  of  the  genus.  This 
period  will  seldom  be  remote  in  any  ex- 
treme degree,  as  species  rarely  endure 
for  more  than  one  geological  period.  An 
extraordinary  amount  of  modification  im- 
plies an  unusually  large  and  long-con- 
tinued amount  of  variability,  which  has 
continually  been  accumulated  by  natural 
selection  for  the  benefit  of  the  species. 
But  as  the  variability  of  the  extraordinarily 
developed  part  or  organ  has  been  so  great 
and  long-continued  within  a  period  not  ex- 
cessively remote,  we  might,  as  a  general 
rule,  still  expect  to  find  more  variability  in 
such  parts  than  in  other  parts  of  the  organ- 
ization which  have  remained  for  a  much 
longer  period  nearly  constant.  And  this, 
I  am  convinced,  is  the  case.  That  the 
struggle  between  natural  selection  on  the 
one  hand,  and  the  tendency  to  reversion 
and  variability  on  the  other  hand,  will  in 
the  course  of  time  cease ;  and  that  the 
most  abnormally  developed  organs  may 
be  made  constant,  I  see  no  reason  to 
doubt.  Hence,  when  an  organ,  however 
abnormal  it  may  be,  has  been  transmitted 
in  approximately  the  same  condition  to 
many  modified  descendants,  as  in  the  case 
of  the  wing  of  the  bat,  it  must  have  ex- 
isted, according  to  our  theory,  for  an  im- 
mense period  in  nearly  the  same  state ; 
and  thus  it  has  come  not  to  be  more  va- 
riable than  any  other  structure.  It  is 
only  in  those  cases  in  which  the  modifi- 
cation has  been  comparatively  recent  and 
extraordinarily  great  that  we  ought  to 
find  the  generative "variability,  as  it  may 
be  called,  still  present  in  a  high  degree. 
For  in  this  case  the  variability  will  seldom 
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as  yet  have  been  fixed  by  the  continued 
selection  of  the  individuals  varying  in  the 
required  manner  and  degree,  and  by  the 
continued  rejection  of  those  tending  to 
revert  to  a  former  and  less-modified  con- 
dition. 

Specific  Characters  more  Variable  than 
Generic  Chc.rccters. 

224.  The  principle  discussed  under  the 
last  heading  may  be  applied  to  our  pres- 
ent subject.     It  is  notorious  that  specific 
characters  are  more  variable  than  gen- 
eric.    To  explain   by  a  simple  example 
what  is  meant :  if  in  a  large  genus  of 
plants  some  species  had  blue  dowers  and 
some  had  red,  the  color  would  be  only  a 
specific  character,  and  no  one  would  be 
surprised  at  one  of  the  blue  species  vary- 
ing into  red,  or  conversely  ;  but  if  all  the 
species  had  blue  flowers,  the  color  would 
become  a  generic  character,  and  its  varia- 
tion would  be  a  more  unusual  circum- 
stance.    I  have  chosen  this  example  be- 
cause the  explanation  which  most  natu- 
ralists would  advance  is  not  here  applica- 
ble, namely,  that  specific  characters  are 
more  variable  than  generic,  because  they 
are  taken  from  parts  of  less  physiologi- 
cal importance  than  those  commonly  used 
for  classing  genera.     I  believe  this  ex- 
planation is   partly,   yet  only  indirectly, 
true;  I  shall,  however,  have  to  return  to 
this  point  in  the  chapter  on  Classification. 
It  would  be  almost  superfluous  to  adduce 
evidence  in  support  of  the  statement,  that 
ordinary  specific  characters  are  more  va- 
riable than  generic ;  but  with  respect  to 
important  characters,  I   have  repeatedly 
noticed  in  works  on  natural  history,  that 
when  an   author   remarks  with   surprise 
that  some  important  organ  or  part,  which 
is  generally  very  constant  throughout  a 
large  group  of  species,  differs  considera- 
bly in   closely-allied  species,  it   is  often 
variables   the    individuals  of  the  same 
species.     And  this  fact  shows  that  a  char- 
acter, which  is  generally  of  generic  value, 
when  it  sinks  in  value  and  becomes  only 
of  specific  value,  often  becomes  variable 
though  its  physiological  importance  may 
remain  the  same.     Something  of  the  same 
kind  applies  to  monstrosities  :  at  least  Is. 
Geoffroy  St.  Hilaire  apparently  entertains 
no  doubt,  that  the  more   an  organ  nor- 
mally differs  in  the  different  species  of  the 
same  group,  the  more  subject  it  is  to  an- 
omalies in  the  individuals. 

225.  On  the   ordinary  view    of   each 
species  having    been  independently  cre- 
ated, why  should  that  part  of  the  struct- 
ure, which  differs  from  the  same  part  in 
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other  independently-created  species  of 
the  same  genus,  be  more  variable  than 
those  parts  which  are  closely  alike  in  the 
several  species  ?  I  do  not  see  that  any 
explanation  can  be  given.  But  on  the 
view  that  species  are  only  strongly  mark- 
ed and  fixed  varieties,  we  might  expect 
often  to  find  them  still  continuing  to  vary 
in  those  parts  of  their  structure  which 
have  varied  within  a  moderately  recent 
period,  and  which  have  thus  come  to  dif- 
fer. Or  to  state  the  case  in  another 
manner: — the  points  in  which  all  the 
species  of  a  genus  resemble  each  other, 
and  in  which  they  differ  from  allied  gen- 
era, are  called  generic  characters  ;  and 
these  characters  may  be  attributed  to  in- 
heritance from  a  common  progenitor,  for 
it  can  rarely  have  happened  that  natural 
selection  will  have  modified  several  dis- 
tinct species,  fitted  to  more  or  less  widely- 
different  habits,  in  exactly  the  same  man- 
ner :  and  as  these  so-called  generic  char- 
acters have  been  inherited  from  before  the 
period  when  the  several  species  first 
branched  off  from  their  common  progeni- 
tor, and  subsequently  have  not  varied  or 
come  to  differ  in  any  degree,  or  only  in  a 
slight  degree,  it  is  not  probable  that  they 
should  vary  at  the  present  day.  On  the 
other  hand,  the  points  in  which  species 
differ  from  other  species  of  the  same 
genus  are  called  specific  characters  ;  and 
as  these  specific  characters  have  varied 
and  come  to  differ  since  the  period  when 
the  species  branched  off  from  a  common 
progenitor,  it  is  probable  that  they  should 
still  often  be  in  some  degree  variable, — 
at  least  more  variable  than  those  parts  of 
the  organization  which  have  for  a  very 
long  period  remained  constant. 

Secondary  Sexual  Characters  Variable. 

226.  I  think  it  will  be  admitted  by 
naturalists,  without  my  entering  on  de- 
tails, that  secondary  sexual  characters  are 
highly  variable.  It  will  also  be  admitted 
that  species  of  the  same  group  differ  from 
each  other  more  widely  in  their  secondary 
sexual  characters,  than  in  other  parts  of 
their  organization  :  compare,  for  instance, 
the  amount  of  difference  between  the 
males  of  gallinaceous  birds,  in  which 
secondary  sexual  characters  are  strongly 
displayed,  with  the  amount  of  difference 
between  the  females.  The  cause  of  the 
original  variability  of  these  characters  is 
not  manifest ;  but  we  can  see  why  they 
should  not  have  been  rendered  as  con- 
stant and  uniform  as  others,  for  they  are 
accumulated  by  sexual  selection,  which  is 
less  rigid  in  its  action  than  ordinary  selec- 


tion, as  it  does  not  entail  death,  but  only 
gives  fc\ver  offspring  to  the  less  favored 
males.  Whatever  the  cause  may  be  of 
the  variability  of  secondary  sexual  charac- 
ters, as  they  are  highly  variable,  sexual 
selection  will  have  had  a  wide  scope  for 
action,  and  may  thus  have  succeeded  in 
giving  to  the  species  of  the  same  group  a 
greater  amount  of  difference  in  these  than 
in  other  respects. 

227.  It  is  a  remarkable  fact,  that  the 
secondary   differences  between  the  two 
sexes  of  the  same  species  are  generally 
displayed  in  the  very  same  parts  of  the 
organization  in  which  the  species  of  the 
same  genus  differ  from  each  other.    Of 
this  fact  I  will  give  in  illustration  the  two 
first  instances  which  happen  to  stand  on 
my  list ;  and  as  the  differences  in  these 
cases  are  of  a  very  unusual  nature,  the  re- 
lation can  hardly  be   accidental.      The 
same  number  of  joints  in  the  tarsi  is  a 
character  common  to  very  large  groups 
of  beetles,  but  in  the  Engidas,  as  West- 
wood  has  remarked,  the  number  varies 
greatly;   and  the  number  likewise  dif- 
fers in  the  two  sexes  of  the  same  species. 
Again  in  the  fossorial  hymenoptera,  the 
neuration  of  the  wings  is  a  character  of 
the  highest  importance,  because  common 
to  large  groups  ;  but  in  certain  genera  the 
neuration  differs  in  the  different  species, 
and  likewise  in  the  two  sexes  of  the  same 
species.     Sir  J.  Lubbock  has  recently  re- 
marked, that  several  minute  crustaceans 
offer  excellent   illustrations  of  this   law. 
"  In  Pontella,   for  instance,   the  sexual 
characters  are   afforded   mainly  by  the 
anterior  antennae  and  by  the  fifth  pair  of 
legs :  the  specific  differences  also  are  prin- 
cipally given  by  these  organs."     This  re- 
lation has  a  clear  meaning  on  my  view :  1 
look  at  all  the  species  of  the  same  genus 
as  having  as  certainly  descended  from  a 
common    progenitor,   as  have  the    two 
sexes  of  any  one  species.     Consequently 
whatever  part  of  the   structure  of  the 
common  progenitor,  or  of  its  early  de- 
scendants, became  variable,  variations  of 
this  part  would,  it  is  highly  probable,  be 
taken  advantage  of  by  natural  and  sexu- 
al  selection,  in   order  to   fit  the  several 
species  to  their  several  places  in  the  econ- 
omy of  nature,  and  likewise  to  fit  the  two 
sexes  of  the  same  species  to  each  other, 
or  to  fit  the  males  to  struggle  with  other 
males  for  the  possession  of  the  females. 

228.  Finally,  then,  I  conclude  that  the 
greater  variability  of  specific  characters, 
or  those  which  distinguish  species  from 
species,   than  of  generic  characters,   or 
those  which   are    possessed  by  all  the 
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species  ,  -that  the  frequent  extreme  vari- 
ability of  any  part  which  is  developed  in  a 
species  in  an  extraordinary  manner  in 
comparison  with  the  same  part  in  its  con- 
geners; and  the  slight  degree  of  variability 
in  a  part,  however  extraordinarily  it  may 
be  developed,  if  it  be  common  to  a  whole 
group  of  species ;— that  the  great  variabil- 
ity of  secondary  sexual  characters,  and 
their  great  difference  in  closely  allied 
species ; — that  secondary  sexual  and  or- 
dinary specific  differences  are  generally 
displayed  in  the  same  parts  of  the  organ- 
ization,— are  all  principles  closely  connect- 
ed together.  All  being  mainly  due  to 
the  species  of  the  same  group  being  the 
descendants  of  a  common  progenitor, 
from  whom  they  have  inherited  much  in 
common, — to  parts  which  have  recently 
and  largely  varied  being  more  likely  still 
to  go  on  varying  than  parts  which  have 
long  been  inherited  and  have  not  varied 
— to  natural  selection  having  more  or  less 
completely  according  to  the  lapse  of  time 
overmastered  the  tendency  to  reversion 
and  to  further  variability, — to  sexual  se- 
lection being  less  rigid  than  ordinary  se- 
lection.— and  to  variations  in  the.  same 
parts  having  been  accumulated  by  natu- 
ral and  sexual  selection,  and  having  been 
thus  adapted  for  secondary  sexual,  and 
for  ordinary  purposes. 

Distinct  Species  present  analogous  Vari- 
ations, so  that  a  Variety  of  one  Species 
often  assumes  a  Character  proper  to  an 
allied  Species,  or  reverts  to  some  of  the 
Characters  of  an  early  Progenitor. 

229.  These  propositions  will  be  most 
readily  understood  by  looking  to  our  do- 
mestic races.  The  most  distinct  breeds  ot 
the  pigeon,  in  countries  widely  apart,  pre- 
sentsub-varieties  with  reversed  feathers  on 
the  head,  and  with  feathers  on  the  feet, — 
characters  not  possessed  by  the  aborigi- 
nal rock-pigeon  ;  these  then  are  analogous 
variations  in  two  or  more  distinct  races. 
The  frequent  presence  of  fourteen  or  even 
sixteen  tail-feathers  in  the  pouter  may  be 
considered  as  a  variation  representing  the 
normal  structure  of  another  race,  the  fan- 
tail.  1  presume  that  no  one  will  doubt 
that  all  such  analogous  variations  are  due 
to  the  several  races  of  the  pigeon  having 
inherited  from  a  common  parent  the  same 
constitution  and  tendency  to  variation, 
when  acted  on  by  similar  unknown  influ- 
ences. In  the  vegetable  kingdom  we 
have  a  case  of  analogous  variation,  in  the 


enlarged  stems,  or  as  commonly  called 
roots,  of  the  Swedish  turnip  and  Ruta 
baga,  plants  which  several  botanists  rank 
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as  varieties  produced  by  cultivation  from 
a  common  parent :  if  this  be  not  so,  the 
case  will  then  be  one  of  analogous  varia- 
tion in  two  so-called  distinct  species ;  and 
to  these  a  third  may  be  added,  namely, 
the  common  turnip.  According  to  the  or- 
dinary view  of  each  species  having  been 
independently  created,  we  should  have  to 
attribute  this  similarity  in  the  enlarged 
stems  of  these  three  plants,  not  to  the  -vera 
causa  of  community  of  descent,  and  a  con- 
sequent tendency  to  vary  in  a  like  manner, 
but  to  three  separate  yet  closely  related 
acts  of  creation.  Many  similar  cases  of 
analogous  variation  have  been  observed 
by  Naudin  in  the  great  gourd-family,  and 
by  various  authors  in  our  cereals.  Simi- 
lar cases  occurring  with  insects  under  nat- 
ural conditions  have  lately  been  discussed 
with  much  ability  by  Mr.  Walsh,  who  has 
grouped  them  under  his  law  of  Equable 
Variability. 

230.  With  pigeons,  however,  we  have 
another  case,  namely,  the  occasional  ap- 
pearance in  all  the  breeds,  of  slaty-blue 
birds  with  two  black  bars  on  the  wings, 
white  loins,  a  bar  at  the  end  of  the  tail,  with 
the  outer  feathers  externally  edged  near 
their  bases  with  white.    As  all  these  marks 
are  characteristic  of  the  parent  rock-pig- 
eon, I  presume  that  no  one  will  doubt  that 
this  is  a  case  of  reversion,  and  not  of  a  new 
yet  analogous  variation  appearing  in  the 
several  breeds.     We  may,  I  think,  confi- 
dently come  to  this  conclusion,  because,  as 
we  have  seen,  these  colored  marks  are  em- 
inently liable  to  appear  in  the  crossed  off- 
spring of  two  distinct  and  differently  col- 
ored breeds ;   and  in  this  case  there  is 
nothing  in  the  external  conditions  of  life 
to  cause  the  reappearance  of  the  slaty-blue, 
with  the  several  marks,  beyond  the  influ- 
ence of  the  mere  act  of  crossing  on  the 
laws  of  inheritance. 

231.  No  doubt  it  is  a  very  surprising  fact 
that  characters  should  reappear  after  hav- 
ing been  lost  for  many,  probably  for  hun- 
dreds of  generations.     But  when  a  breed 
has  been  crossed  only  once  by  some  other 
breed,  the  offspring  occasionally  show  for 
many  generations  a  tendency  to  revert  in 
character  to  the  foreign  breed — some  say, 
for  a  dozen  or  even  a  score  of  generations. 
After  twelve  generations,  the  proportion 
of  blood,  to  use  a  common  expression,  from 
one  ancestor,  is  only  i  in  2048 ;  and  yet, 
as  we  see,  it  is  generally  believed  that  a 
tendency  to  reversion  is  retained  by  this 
remnant  of  foreign  blood.      In  a  breed 
which  has  not  been  crossed,  but  in  which 
both  parents  have   lost  some   character 
which  their  progenitor  possessed,  the  tend- 
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ency,  whether  strong  or  weak,  to  repro- 
duce the  lost  character  might,  as  was  for- 
merly remarked,  for  all  that  we  can  see 
to  the  contrary,  be  transmitted  for  almost 
any  number  of  generations.  When  a 
character  which  has  been  lost  in  a  breed, 
reappears  after  a  great  number  of  genera- 
tions, the  most  probable  hypothesis  is,  not 
that  one  individual  suddenly  takes  after 
an  ancestor  removed  by  some  hundred 
generations,  but  that  in  each  successive 
generation  the  character  in  question  has 
been  lying  latent,  and  at  last,  under  un- 
known favorable  conditions,  is  developed. 
With  the  barb-pigeon,  for  instance,  which 
very  rarely  produces  a  blue  bird,  it  is  prob- 
able that  there  is  a  latent  tendency  in  each 
generation  to  produce  blue  plumage.  The 
abstract  improbability  of  such  a  tendency 
being  transmitted  through  a  vast  number 
of  generations,  is  not  greater  than  that  of 
quite  useless  or  rudimentary  organs  being 
similarly  transmitted.  A  mere  tendency 
to  produce  a  rudiment  is  indeed  sometimes 
thus  inherited. 

232.  As  all  the  species  of  the  same  genus 
are  supposed  to  be  descended  from  a  com- 
mon progenitor,  it  might  be  expected  that 
they  would  occasionally  vary  in  an  analo- 
gous manner ;  so  that  the  varieties  of  two 
or  more  species  would  resemble  each  other, 
or  that  a  variety  of  one  species  would  re- 
semble in  certain  characters  another  and 
distinct  species, — this  other  species  being, 
according  to  our  view,  only  a  well-marked 
and  permanent  variety.  But  characters 
exclusively  due  to  analogous  variation 
would  probably  be  of  an  unimportant  na- 
ture, for  the  preservation  of  all  function- 
ally important  characters  will  have  been 
determined  through  natural  selection,  in 
accordance  with  the  different  habits  of  the 
species.  It  might  further  be  expected  that 
the  species  of  the  same  genus  v.  >uld  oc- 
casionally exhibit  reversions  to  long  lost 
characters.  As,  however,  we  do  not  know 
the  common  ancestor  of  any  natural  group, 
we  cannot  distinguish  between  reversion- 
ary and  analogous  characters.  If,  for  in- 
stance, we  did  not  know  that  the  parent 
rock-pigeon  was  not  feather-footed  or 
turn-crowned,  we  could  not  have  told, 
whether  such  characters  in  our  domestic 
breeds  were  reversions  or  only  analogous 
variations ;  but  we  might  have  inferred 
that  the  blue  color  was  a  case  of  reversion 
from  the  number  of  the  markings,  which 
are  correlated  with  this  tint,  and  which 
would  not  probably  have  all  appeared 
together  from  simple  variation.  More 
especially  we  might  have  inferred  this, 
from  the  blue  color  and  the  several  marks 


so  often  appearing  when  differently  col- 
ored breeds  are  crossed.  Hence,  although 
under  nature  it  must  generally  be  left 
doubtful,  what  cases  are  reversions  to  for- 
merly existing  characters,  and  what  are 
new  but  analogous  variations,  yet  we 
ought,  on  our  theory,  sometimes  to  find 
the  varying  offspring  of  a  species  assum- 
ing characters  which  are  already  present 
in  other  members  of  the  same  group.  And 
this  undoubtedly  is  the  case. 

233.  The  difficulty  in  distinguishing  va- 
riable species  is  largely  due  to  the  varieties 
mocking,  as  it  were,  other  species  of  the 
same  genus.     A  considerable  catalogue, 
also,  could  be  given  of  forms  intermediate 
between   two  other  forms,  which  them- 
selves can  only  doubtfully  be  ranked  as 
species  ;  and  this  shows,  unless  all  these 
closely  allied  forms  be  considered  as  inde- 
pendently created  species,  that  they  have 
in  varying  assumed  some  of  the  charac- 
ters of  the  others.     But  the  best  evidence 
of  analogous  variations  is  afforded  by  parts 
or  organs  which  are  generally  constant  in 
character,  but  which  occasionally  vary  so 
as  to  resemble,  in  some  degree,  the  same 
part  or  organ  in  an  allied  species.     I  have 
collected  a  long  list  of  such  cases ;  but 
here,  as  before,  I  lie  under  the  great  dis- 
advantage of  not  being  able  to  give  them. 
I  can  only  repeat  that  such  cases  certainly 
occur,  and  seem  to  me  very  remarkable. 

234.  I  "will,  however,  give  one  curious 
and  complex  case,  not  indeed  as  affecting 
any  important  character,  but  from  occur- 
ring in  several  species  of  the  same  genus, 
partly  under  domestication  and  partly  un- 
der nature.     It  is  a  case  almost  certainly 
of  reversion.     The  ass  sometimes  has  very 
distinct  transverse  bars  on  its  legs,  like 
those  on  the  legs  of  the  zebra :  it  has  been 
asserted  that  these  are  plainest  in  the  foal, 
and,  from  inquiries  which  I  have  made,  I 
believe  this  to  be  true.     The  stripe  on  the 
shoulder  is  sometimes  double,  and  is  very 
variable  in  length  and  outline.     A  white 
ass,  but  not  an  albino,  has  been  described 
without  either  spinal  or  shoulder  stripe  : 
and  these  stripes  are  sometimes  very  ob- 
scure, or  actually  quite  lost,  in  dark -colored 
asses.    The  koulan  of  Pallas  is  said  to  have 
been  seen  with  a  double  shoulder-stripe. 
Mr.  Blyth  has  seen  a  specimen  of  the 
hemionus  with  a  distinct  shoulder-stripe, 
though  it  properly  has  none  ;  and  I  have 
been  informed  by  Colonel  Poole  that  the 
foals  of  this  species  are  generally  striped 
on  the  legs,  and  faintly  on  the  shoulder. 
The  quagga,  though  so  plainly  barred  like 
a  zebra  over  the  body,  is  without  bars  on 
the  legs;  but  Dr.  Gray  has  figured  one 
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specimen  with  very  distinct  zebra-like  bars 
on  the  hocks. 

235.  With  respect  to  the  horse,  I  have 
collected  cases  in  England  of  the  spinal 
stripe   in   horses   of    the    most   distinct 
breeds,  and  of  all  colors :  transverse  bars 
on  the  legs  are  not  rare  in  duns,  mouse- 
duns,  and  in  one  instance  in  a  chestnut : 
a  faint  shoulder-stripe  may  sometimes  be 
seen  in  duns,  and  I  have  seen  a  trace  in  a 
bay  horse.     My  son  made  a  careful  ex- 
amination and  sketch  for  me  of  a  dun 
Belgian  cart-horse  with  a  double  stripe 
on  each  shoulder  and  with  leg-stripes  ;  I 
have  myself  seen  a  dun  Devonshire  pony, 
and  a  small  dun  Welsh  pony  has  been 
carefully  described  to  me,  both  with  three 
parallel  stripes  on  each  shoulder. 

236.  In  the  north-west  part  of  India  the 
Kattywar  breed  of  horses  is  so  generally 
striped,  that,  as  I  hear  from  Colonel  Poole, 
who  examined  this  breed  for  the  Indian 
Government,  a  horse  without  stripes  is  not 
considered  as  purely-bred.     The  spine  is 
always  striped  ;  the  legs  are  generally  bar- 
red ;   and  the   shoulder-stripe,  which  is 
sometimes  double  and  sometimes  treble, 
is  common ;  the  side  of  the  face,  moreover, 
is  sometimes  striped.     The   stripes  are 
often  plainest  in  the  foal ;  and  sometimes 
quite  disappear  in  old  horses.     Colonel 
Poole  has  seen  both  gray  and  bay  Katty- 
war horses  striped  when  first  foaled.     I 
have  also  reason  to  suspect,  from  infor- 
mation given  me  by  Mr.  W.  W.  Edwards, 
that  with  the  English  race-horse  the  spinal 
stripe  is  much  commoner  in  the  foal  than 
in  the  full-grown  animal.     I  have  myself 
recently  bred  a  foal  from  a  bay  mare  (off- 
spring of  a  Turcoman  horse  and  a  Flemish 
mare)  by  a  bay  English  race-horse ;  this 
foal  when  a  week  old  was  marked  on  its 
hinder  quarters  and  on  its  forehead  with 
numerous,  very  narrow,  dark,  zebra-like 
bars,  and  its  legs  were  feebly  striped  :  all 
the  stripes  soon  disappeared  completely. 
Without  here  entering  on  further  details, 
I  may  state  that  I  have  collected  cases  of 
leg  and  shoulder  stripes  in  horses  of  very 
different  breeds  in  various  countries  from 
Britain  to  Eastern  China ;  and  from  Nor- 
way in  the  north  to  the  Malay  Archipelago 
in  the  south.     In  all  parts  of  the  world 
these  stripes  occur  far  oftenest  in  duns 
and  mouse-duns ;  by  the  term  dun  a  large 
range  of  color  is  included,  from  one  be- 
tween brown  and  black  to  a  close  approach 
to  cream-color. 

237.  I  am  aware  that  Colonel  Hamilton 
Smith,  who  has  written  on  this  subject, 
believes   that  the  several  breeds  of  the 
horse  are  descended  from  several  aborig- 
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inal  species — one  of  which,  the  dun,  wai 
striped ;  and  that  the  above-described  ap- 
pearances are  all  due  to  ancient  crosses 
with  the  dun  stock.  But  this  view  may 
be  safely  rejected  ;  for  it  is  highly  improb- 
able that  the  heavy  Belgian  cart-horse, 
Welsh  ponies  Norwegian  cobs,  the  lanky 
Kattywar  race,  etc.,  inhabiting  the  most 
distant  pans  of  the  world,  should  all 
have  been  crossed  with  one  supposed 
aboriginal  stock. 

238.  Now  let  us  turn  to  the  effects  of 
crossing  the  several  species  of  the  horse- 
genus.     Rollin  asserts,  that  the  common 
mule  from  the  ass  and  horse  is  particu- 
larly apt  to  have  bars  on  its  legs ;  accord- 
ing to  Mr.  Gosse,  in  certain  parts  of  the 
United  States  about  nine  out  of  ten  mules 
have  striped   legs.     I    once   saw  a  mule 
with  its  legs  so  much  striped  that  any 
one  might  have  thought  that  it  was  a  hy- 
brid-zebra ;  and  Mr.  W.  C.  Martin,  in  his 
excellent  treatise  on  the  horse,  has  given 
a  figure  of  a  similar  mule.     In  four  col- 
ored drawings,  which  I  have  seen,  of  hy- 
brids between  the  ass  and  zebra:  the  legs 
were  much  more  plainly  barred  than  the 
rest  of  the  body ;  and    in  one  of  them 
there  was  a  double  shoulder-stripe.     In 
Lord   Morton's   famous  hybrid    from  a 
chestnut  mare  and  male  quagga,  the  hy- 
brid, and  even  the  pure  offspring  subse- 
quently produced  from  the  same  mare  by 
a  black  Arabian  sire,  were  much  more 
plainly  barred  across  the  legs  than  is  even 
the  pure  quagga.      Lastly,  and   this   is 
another  most  remarkable  case,  a  hybrid 
has  been  figured  by  Dr.  Gray  (and  he  in- 
forms me   that  he    knows  of   a  second 
case)  from  the  ass  and  the   hemionus ; 
and  this  hybrid,  though  the  ass  only  oc- 
casionally has  stripes  on  his  legs  and  the 
hemionus  has  none  and  has  not  even  a 
shoulder-stripe,  nevertheless  had  all  four 
legs  barred,  and  had  three  short  shoul- 
der-stripes, like  those  on  the  dun  Devon- 
shire and  Welsh  ponies,  and  even  had 
some  zebra-like  stripes  on  the  sides  of  its 
face.      With  respect  to  this  last  fact,   I 
was  so  convinced  that  not  even  a  stripe 
of  color  appears  from  what  is  commonly 
called  chance,  that  I  was  led  solely  from 
the  occurrence  of  the  face-stripes  on  this 
hybrid  from  the  ass  and  hemionus  to  ask 
Colonel  Poole  whether  such  face-stripes 
ever  occurred  in  the  eminently  striped 
Kattywar  breed  of  horses,   and  was,  as 
we  have  seen,  answered  in  the  affirma- 
tive. 

239.  What  now  are  we  to  say  to  these 
several  facts  ?    We  see  several  distinct 
species  of  the  horse-genus  becoming,  by 
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simple  variation,  striped  on  the  legs  like 
a  zebra,  or  striped  on  the  shoulders 
like  an  ass.  In  the  horse  we  see  this 
tendency  strong  whenever  a  dun  tint  ap- 
pears— a  tint  which  approaches  to  that 
of  the  general  coloring  of  the  other  spe- 
cies of  the  genus.  The  appearance  of 
the  stripes  is  not  accompanied  by  any 
change  of  form  or  by  any  other  new  char- 
acter. We  see  this  tendency  to  become 
striped  most  strongly  displayed  in  hybrids 
from  between  several  of  the  most  distinct 
species.  Now  observe  the  case  of  the 
several  breeds  of  pigeons :  they  are  de- 
scended from  a  pigeon  (including  two  or 
three  sub-species  or  geographical  races) 
of  a  bluish  color,  with  certain  bars  and 
other  marks ;  and  when  any  breed  as- 
sumes by  simple  variation  a  bluish  tint, 
these  bars  and  other  marks  invariably  re- 
appear ;  but  without  any  other  change  of 
form  or  character.  When  the  oldest  and 
truest  breeds  of  various  colors  are  crossed, 
we  see  a  strong  tendency  for  the  blue  tint 
and  bars  and  marks  to  reappear  in  the 
mongrels.  I  have  stated  that  the  most 
probable  hypothesis  to  account  for  the 
re-appearance  of  very  ancient  characters 
is — that  there  is  a  tendency  in  the  young 
of  each  successive  generation  to  produce 
the  long-lost  character,  and  that  this  tend- 
ency, from  unknown  causes,  sometimes 
prevails.  And  we  have  just  seen  that  in 
several  species  of  the  horse-genus  the 
stripes  are  either  plainer  or  appear  more 
commonly  in  the  young  than  in  the  old. 
Call  the  breeds  of  pigeons,  some  of 
which  have  bred  true  for  centuries,  spe- 
cies ;  and  how  exactly  parallel  is  the  case 
with  that  of  the  species  of  the  horse-genus ! 
For  myself,  I  venture  confidently  to  look 
back  thousands  on  thousands  of  genera- 
tions, and  I  see  an  animal  striped  like  a  ze- 
bra, but  perhaps  otherwise  very  differently 
constructed,  the  common  parent  of  our 
domestic  horse  (whether  or  not  it  be  de- 
scended from  one  or  more  wild  stocks) 
of  the  ass,  the  hemionus,  quagga,  and 
zebra. 

240.  He  who  believes  that  each  equine 
species  was  independently  created,  will,  I 
presume,  assert  that  each  species  has 
been  created  with  a  tendency  to  vary, 
both  under  nature  and  under  domestica- 
tion, in  this  particular  manner,  so  as  often 
to  become  striped  like  the  other  species 
of  the  genus;  and  that  each  has  been 
created  with  a  strong  tendency,  when 
crossed  with  species  inhabiting  distant 
quarters  of  the  world,  to  produce  hybrids 
resembling  in  their  stripes,  not  their  own 
parents,  but  other  species  of  the  genus. 


To  admit  this  view  is,  as  it  seems  to  me, 
to  reject  a  real  for  an  unreal,  or  at  least 
for  an  unknown,  cause.  It  makes  the 
works  of  God  a  mere  mockery  and  de- 
ception ;  I  would  almost  as  soon  believe 
with  the  old  and  ignorant  cosmogonists, 
that  fossil  shells  had  never  lived,  but  had 
been  created  in  stone  so  as  to  mock  the 
shells  living  on  the  sea-shore. 

241.  Summary. — Our  ignorance  of  the 
laws  of  variation  is  profound.  Not  in 
one  case  out  of  a  hundred  can  we  pretend 
to  assign  any  reason  why  this  or  that 
part  has  varied.  But  whenever  we  have 
the  means  of  instituting  a  comparison, 
the  same  laws  appear  to  have  acted  in 
producing  the  lesser  differences  between 
varieties  of  the  same  species,  and  the 
greater  differences  between  species  of  the 
same  genus.  Changed  conditions  gener- 
ally induce  mere  fluctuating  variability, 
but  sometimes  they  cause  direct  and  defi- 
nite effects ;  and  these  may  become 
strongly  marked  in  the  course  of  time, 
though  we  have  not  sufficient  evidence 
on  this  head.  Habit  in  producing  con- 
stitutional peculiarities  and  use  in 
strengthening  and  disuse  in  weakening 
and  diminishing  organs,  appear  in  many 
cases  to  have  been  potent  in  their  effects. 
Homologous  parts  tend  to  vary  in  the 
same  manner,  and  homologous  parts 
tend  to  cohere.  M  :  i'-ations  in  hard 
parts  and  in  external  parts  sometimes  af- 
fect softer  and  internal  parts.  When  one 
part  is  largely  developed,  perhaps  it  tends 
to  draw  nourishment  from  the  adjoining 
parts;  and  every  part  of  the  structure 
which  can  be  saved  without  detriment 
will  be  saved.  Changes  of  structure  at 
an  early  age  may  affect  parts  subsequent- 
ly developed ;  and  many  cases  of  corre- 
lated variation,  the  nature  of  which  we 
are  unable  to  understand,  undoubtedly 
occur.  Multiple  parts  are  variable  in 
number  and  in  structure,  perhaps  arising 
from  such  parts  not  having  been  closely 
specialized  for  any  particular  function,  so 
that  their  modifications  have  not  been 
closely  checked  by  natural  selection.  It 
follows  probably  from  this  same  cause, 
that  organic  beings  low  in  the  scale  are 
more  variable  than  those  standing  higher 
in  the  scale,  and  which  have  their  whole 
organization  more  specialized.  Rudi- 
mentary organs,  from  being  useless,  are 
not  regulated  by  natural  selection,  and 
hence  are  variable.  Specific  characters — 
that  is,  the  characters  which  have  come 
to  differ  since  the  several  species  of  the 
same  genus  branched  off  from  a  common 
parent — are  more  variable  than  generic 
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characters,  or    those  which    have  long 
been  inherited,  and   have  not    differed 
within  this  same  period.     In  these  re- 
marks we  have  referred  to  special  parts 
or  organs  being   still   variable,  because 
they  have  recently  varied  arid  thus  come 
to  differ ;  but  we  have  also  seen  in   the 
second  chapter  that  the  same  principle 
applies  to  the  whole  individual ;  for  in  a 
district  where  many  species  of  a  genus 
are  found— that  is,  where  there  has  been 
much  former  variation  and  differentiation, 
or  where   the  manufactory  of  new  spe- 
cific forms  has  been  actively  at  work— in 
that  district   and    among  these  species, 
we  now  find,  on  an  average,  most  varie- 
ties.     Secondary  sexual    characters  are 
highly  variable,  and  such  characters  differ 
much  in  the  species  of  the  same  group. 
Variability  in  the  same  parts  of  the  or- 
ganization has  generally  been  taken  ad- 
vantage of  in  giving  secondary  sexual  dif- 
ferences to  the  two  sexes  of  the  same 
species,  and    specific  differences  to  the 
several  species  of  the  same  genus.     Any 
part  or  organ  developed  to  an  extraordi- 
nary size  or  in  an  extraordinary  manner, 
in  comparison  with  the  same  part  or  or- 
gan in  the  allied  species,  must  have  gone 
through    an    extraordinary    amount    of 
modification  since  the  genus  arose ;  and 
thus  we  can  understand  why  it  should 
often  still  be  variable  in  a  much  higher 
degree  than  other  parts  ;  for  variation  is 
a  long-continued  and  slow  process,  and 
natural  selection  will  in  such  cases  not  as 
yet  have  had  time  to  overcome  the  tend- 
ency to  further  variability  and  to  rever- 
sion to  a  less  modified  state.     But  when 
a  species  with  any  extraordinarily-devel- 
oped organ   has  become  the  parent   of 
many  modified  descendants — which   on 
our  view  must  be  a  very  slow  process,  re- 
quiring a  long  lapse  of  time — in  this  case, 
natural  selection  has  succeeded  in  giving 
a  fixed  character  to  the  organ,  in  how- 
ever extraordinary  a  manner  it  may  have 
been  developed.     Species  inheriting  near- 
ly the  same  constitution  from  a  common 
parent,  and  exposed  to  similar  influences, 
naturally  tend  to  present  analogous  vari- 
ations, or  these  same  species  may  occa- 
sionally revert  to  some  of  the  characters 
of  their  ancient  progenitors.     Although 
new  and  important  modifications  may  not 
arise  from  reversion  and  analogous  vari- 
ation,   such    modifications  will  add  to 
xhe   beautiful  and  harmonious  diversity 
of  nature. 

242.  Whatever  the  cause  may  be  of 
each  slight  difference  between  the  off- 
spring and  their  parents — and  a  cause 


for  each  must  exist— we  have  reason  to 
believe  that  it  is  the  steady  accumulation 
of  beneficial  differences  which  has  given 
rise  to  all  the  more  important  modifica- 
tions of  structure  in  relation  to  the  habits 
of  each  species. 


CHAPTER  VI. 

DIFFICULTIES  OF  THE  THEORY. 

Difficulties  of  the  theory  of  descent  with  modifica- 
tion—Absence or  rarity  of  transitional  varieties 
— Transitions  in  habits  of  life — Diversified  hab- 
its in  the  same  species — Species  with  habits 
widely  different  from  those  of  their  allies — Or- 
gans of  extreme  perfection — Modes  of  transi- 
tion—Cases of  difficulty — Natura  non  facit  sal- 
turn— Organs  of  small  importance— Organs  not 
in  all  cases  absolutely  perfect — The  law  of 
Unity  of  Type  and  of  the  Conditions  of  Exist- 
ence embraced  by  the  theory  of  Natural  Selec- 
tion. 

243.  LONG  before  the  reader  has  ar- 
rived at  this  part  of  my  work,  a  crowd 
of  difficulties  will  have  occurred  to  him. 
Some  of  them  are  so  serious  that  to  this 
day  I  can  hardly  reflect  on  them  without 
being  in  some  degree  staggered ;  but,  to 
the  best  of  my  judgment,  the  number  are 
only  apparent,  and  those  that  are  real  are 
greater  not,  I  think,  fatal  to  the  theory. 

244.  These  difficulties  and  objections 
may  be  classed  under  the  following  heads : 
— First,  why,  if  species  have  descended 
from  other  species  by  fine  gradations,  do 
we  not  everywhere  see  innumerable  trans- 
itional forms  ?     Why  is  not  all  nature  in 
confusion,  instead  of  the  species  being,  as 
we  see  them,  well  defined  ? 

245.  Secondly,  is   it  possible   that  an 
animal  having,  for  instance,  the  structure 
and   habits   of  a  bat,  could   have   been 
formed  by  the  modification  of  some  other 
animal  with  widely-different  habits  and 
structure  ?     Can  we  believe  that  natural 
selection  could  produce,  on  the  one  hand, 
an  organ  of  trifling  importance,  such  as 
the  tail  of  a  giraffe,  which  serves  as  a  fly- 
flapper,  and,  on  the  other  hand,  an  organ 
so  wonderful  as  the  eye  ? 

246.  Thirdly,  can  instincts  be  acquired 
and  modified  through  natural  selection  ? 
What  shall  we  say  to  the  instinct  which 
leads  the  bee  to  make  cells,  and  which 
has  practically  anticipated  the  discoveries 
of  profound  mathematicians  ? 

247.  Fourthly,  how  can  we  account  for 
species,  when  crossed,  being  sterile  and 
producing  sterile  offspring,  whereas,  when 
varieties  are  crossed,  their  fertility  is  un- 
impaired ?  The  two  first  heads  will  here 
be   discussed ;    some   miscellaneous   ob- 
jections in  the  following  chapter ;  Instinct 
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*md   Hybridism   in  the  two   succeeding 
chapters. 

On    the   Absence  or  Rarity  of  Transi- 
tional Varieties. 

248.  As  natural  selection  acts  solely  by 
the  preservation    of   profitable  modifica- 
tions, each  new  form  will  tend  in  a  fully- 
stocked  country  to  take  the  place  of,  and 
finally  to   exterminate,  its  own  less  im- 
proved parent-form  and  other  less- favored 
forms  with  which  it  comes  into  competi- 
tion.    Thus  extinction  and  natural  selec- 
tion go  hand  in  hand.     Kence,  if  we  look 
at  each  species  as  descended  from  some 

,  unknown  form,  both  the  parent  and  all 
the  transitional  varieties  will  generally 
have  been  exterminated  by  the  very  process 
of  the  formation  and  perfection  of  the  new 
form. 

249.  But,  as  by  this  theory  innumerable 
transitional  forms  must  have  existed,  why 
do  we  not  find  them  embedded  in  count- 
less numbers  in  the  crust  of  the  earth  ? 
It  will  be  more  convenient  to  discuss  this 
question  in  the  chapter  on  the  Imperfec- 
tion of  the  Geological  Record ;  and  I  will 
here  only  state  that  I  believe  the  answer 
mainly  lies  in  the  record  being  incompar- 
ably less  perfect  than  is  generally  sup- 
posed.    The  crust  of  the  earth  is  a  vast 
museum  ;  but  the  natural  collections  have 
been  imperfectly  made,  and  only  at  long 
intervals  of  time. 

250.  But  it  may  be  urged  that  when 
several  closely-allied  species  inhabit  the 
same  territory,  we  surely  ought  to  find  at 
the  present  time  many  transitional  forms. 
Let  us  take  a  simple  case :  in  traveling 
from  north  to  south  over  a  continent,  we 
generally    meet    at    successive   intervals 
with  closely  allied  or  representative  spe- 
cies, evidently  filling  nearly  the  same  place 
in   the    natural    economy    of    the    land. 
These  representative  species  often  meet 
and  interlock ;  and  as  the  one  becomes 
rarer  and  rarer,  the  other  becomes  more 
and  more  frequent,  till  the  one  replaces 
the  other.     But  if  we  compare  these  spe- 
cies where  they  intermingle,  they  are  gen- 
erally  as   absolutely  distinct  from  each 
other  in  every  detail  of  structure  as  are 
specimens  taken  fronr,  the  metropolis  in- 
habited by  each.     By   my   theory   these 
allied  species  are  descended  from  a  com- 
mon parent;  and  during  the  process  of 
modification,  each  has  become  adapted  to 
the  conditions  of  life  of  its  own  region, 
and  has  supplanted  and  exterminated  its 
original  parent-form  and   all  the  transi- 
tional varieties  between  its  past  and  pres- 
ent   states.     Hence   we    ought    not    to 


expect  at  the  present  time  to  meet  with 
numerous  transitional  varieties  in  each 
region,  though  they  must  have  existed 
there,  and  may  be  embedded  there  in  a 
fossil  condition.  But  in  the  intermediate 
region,  having  intermediate  conditions  of 
life,  why  do  we  not  now  find  closely-link- 
ing intermediate  varieties  ?  This  difficulty 
for  a  long  time  quite  confounded  me.  But 
I  think  it  can  be  in  large  part  explained. 

251.  In  the  first  place  we  should  be 
extremely  cautious  in  inferring,  because 
an  area  is  now  continuous,  that  it   has 
been  continuous  during  a  long  period. 
Geology  would   lead  us  to  believe  that 
most  continents  have  been  broken  up  into 
islands  even  during  the  later  tertiary  pe- 
riods ;  and  in  such  islands  distinct  species 
might  have  been  separately  formed  with- 
out the  possibility  of  intermediate  varie- 
ties existing  in  the   intermediate  zones. 
By  changes  in  the  form  of  the  land  and 
of  climate,  marine  areas  now  continuous 
must  often  have  existed  within   recent 
times  in  a  far  less  continuous  and  uniform 
condition  than   at  present.     But   I   will 
pass  over  this  way  of  escaping  from  the 
difficulty ;  for  I  believe  that  many  perfect- 
ly defined  species  have  been  formed  on 
strictly  continuous  areas ;  though  I  do  not 
doubt  that  the  formerly  broken  condition 
of  areas  now  continuous,  has  played  an 
important  part  in  the  formation  of  new 
species,  more  especially  with  freely-cross- 
ing and  wandering  animals. 

252.  In  looking  at  species  as  they  are 
now  distributed  over  a  wide  area,   we 
generally  find  them  tolerably  numerous 
over    a   large    territory,   then   becoming 
somewhat  abruptly  rarer  and  rarer  on  the 
confines,  and  finally  disappearing.  Hence 
the  neutral  territory  between  two  repre- 
sentative  species  is  generally  narrow  in 
comparison  with  the  territory  proper  to 
each.     We  see  the  same  fact  in  ascending 
mountains,  and  sometimes  it  is  quite  re- 
markable how  abruptly,  as  Alph.  de  Can- 
dolle  has  observed,  a  common  alpine  spe- 
cies disappears.     The  same  fact  has  been 
noticed   by  E.  Forbes  in   sounding  the 
depths  of  the  sea  with  the  dredge.     To 
those  who  look  at  climate  and  the  physi- 
cal conditions  of  life  as  the  all-important 
elements  of  distribution,  these  facts  ought 
to  cause  surprise,  as  climate  and  height  or 
depth  graduate    away  insensibly.      But 
when  we  bear  in  mind  that  almost  every 
species,  even  in  its  metropolis,  would  in- 
crease immensely  in  numbers,  were  it  not 
for  other  competing  species  ;  that  nearly 
all  either  prey  on  or  serve  as  prey  for 
others  ;  in  short,  that  each  organic  being 
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is  either  directly  or  indirectly  related  in 
the  most  important  manner  to  other 
organic  beings,— we  see  that  the  range  of 
the  inhabitants  of  any  country  by  no 
means  exclusively  depends  on  insensibly 
changing  physical  conditions,  but  m  a 
large  part  on  the  presence  of  other  spe- 
cies, on  which  it  lives,  or  by  which  it  is 
destroyed,  or  with  which  it  comes  into 
competition;  and  as  these  species  are 
already  defined  objects,  not  blending  one 
into  another  by  insensible  gradations,  the 
range  of  any  one  species,  depending  as  it 
does  on  the  range  of  others,  will  tend  to 
be  sharply  defined.  Moreover,  each  spe- 
cies on  the  confines  of  its  range,  where  it 
exists  in  lessened  numbers,  will,  during 
fluctuations  in  the  number  of  its  enemies 
or  of  its  prey,  or  in  the  nature  of  the 
seasons,  be  extremely  liable  to  utter 
extermination  ;  and  thus  its  geographical 
range  will  come  to  be  still  more  sharply 
defined. 

253.  As  allied  or  representative  species, 
when  inhabiting  a  continuous  area,  are 
generally  distributed  in  such  a  manner 
that  each  has  a  wide  range,  with  a  com- 
paratively narrow  neutral  territory  be- 
tween them,  in  which  they  become  rather 
suddenly  rarer  and  rarer ;  then,  as  varie- 
ties do  not  essentially  differ  from  species, 
the  same  rule  will  probably  apply  to  both; 
and  if  we  take  a  varying  species  inhabit- 
ing a  very  large  area,  we  shall  have  to 
adapt  two  varieties  to  two  large  areas, 
and  a  third  variety  to  a  narrow  interme- 
diate zone.  The  intermediate  variety, 
consequently,  will  exist  in  lesser  numbers 
from  inhabiting  a  narrow  and  lesser  area; 
and  practically,  as  far  as  I  can  make  out, 
this  rule  holds  good  with  varieties  in  a 
state  of  nature.  I  have  met  with  striking 
instances  of  the  rule  in  the  case  oi 
varieties  intermediate  between  well-mark- 
ed varieties  in  the  genus  Balanus.  And 
it  would  appear  from  information  given 
me  by  Mr.  Watson,  Dr.  Asa  Gray,  and 
Mr.  Wollaston,  that  generally,  when  varie- 
ties intermediate  between  two  other  forms 
occur,  they  are  much  rarer  numerically 
than  the  forms  which  they  connect.  Now 
if  we  may  trust  these  facts  and  inferences 
and  conclude  that  varieties  linking  two 
other  varieties  together  generally  have 
existed  in  lesser  numbers  than  the  forms 
which  .they  connect,  then  we  can  under- 
stand why  intermediate  varieties  shouk 
not  endure  for  very  long  periods : — why 
as  a  general  rule,  they  should  be  exter- 
minated and  disappear,  sooner  than  the 
forms  which  they  originally  linked  to- 
gether, 


254.   For  any  form  existing  in  lesset 
numbers  would,  as  already  remarked,  run 
a  greater  chance  of  being  exterminated 
han  one  existing  in  large  numbers  ;  and 
n  this  particular  case  the   intermediate 
orm  would  be  eminently  liable  to  the  in- 
roads of  closely-allied  forms  existing  on 
joth  sides  of  it.     But  it  is  a  far  more  im- 
)ortant    consideration,   that    during  the 
)rocess  of  further  modification,  by  which 
wo  varieties  are  supposed  to  be  convert- 
ed and  perfected  into  two  distinct  species, 
he  two  which  exist  in  larger  numbers, 
rom  inhabiting  larger  areas,  will  have  a 
jreat  advantage   over  the   intermediate 
variety,  which  exist  in  smaller  numbers 
"n  a  narrow  and  intermediate  zone.     For 
:orms  existing  in  larger  numbers  will  have 
a  better  chance,  within  any  given  period, 
of  presenting  further  favorable  variations 
:or  natural  selection  to  seize  on,  than  will 
the  rarer  forms  which    exist  in    lesser 
numbers.     Hence,    the    more    common 
:orms,  in  the  race  for  life,  will  tend  to 
aeat  and  supplant  the  less  common  forms, 
for  these  will  be  more  slowly  modified 
and  improved.     It  is  the  same  principle 
which,  as  I  believe,  accounts  for  the  com- 
mon species  in  each  country,  as  shown  in 
the    second    chapter,   presenting  on   an 
average  a  greater  number  of  well-marked 
varieties  than  do  the  rarer  species.     I  may 
illustrate  what  I  mean  by  supposing  three 
varieties  of  sheep  to  be  kept,  one  adapted 
to  an  extensive  mountainous  region ;   a 
second  to  a  comparatively  narrow,  hilly 
tract;  and  a  third  to  the  wide  plains  at 
the  base  ;  and  that  the  inhabitants  are  all 
trying  with  equal  steadiness  and  skill  to 
improve    their  stocks   by  selection ;  the 
chances  in  this  case  will  be  strongly  in 
favor  of  the  great  holders  on  the  moun- 
tains or  on  the  plains,  improving  their 
breeds  more  quickly  than  the  small  hold- 
ers on    the    intermediate    narrow,   hilly 
tract ;    and   consequently  the   improved 
mountain  or  plain  breed  will  soon  take 
the  place  of  the  less  improved  hill  breed  ; 
and  thus  the  two  breeds,  which  originally 
existed  in  greater  numbers,  will  come  into 
close   contact   with  each  other,  without 
the  interposition  of  the  supplanted,  inter- 
mediate hill-variety. 

255.  To  sum  up,  I  believe  that  species 
come  to  be  tolerably  well-defined  objects, 
and  do  not  at  any  one  period  present  an 
inextricable  chaos  of  varying  and  in- 
termediate links:  first,  because  new  va- 
rieties are  very  slowly  formed,  for  varia- 
tion is  a  slow  process,  and  natural  selec- 
tion can  do  nothing  until  favorable  individ- 
ual differences  or  variations  occur,  and 


76 


ORIGIN  OF  SPECIES. 


167 


nntil  a  place  in  the  natural  polity  of  the 
country  can  be  better  filled  by  some 
modification  of  some  one  or  more  of  its 
inhabitants.  And  such  new  places  will 
depend  on  slow  changes  of  climate,  or  on 
the  occasional  immigration  of  new  inhabit- 
ants, and,  probably,  in  a  still  more  impor- 
tant degree,  on  some  of  the  old  inhabit- 
ants becoming  slowly  modified,  with  the 
new  forms  thus  produced  and  the  old 
ones  acting  and  reacting  on  each  other. 
So  that,  in  any  one  region  and  at  any  one 
time,  we  ought  to  see  only  a  few  species 
presenting  slight  modifications  of  struct- 
ure in  some  degree  permanent ;  and  this 
assuredly  we  do  see. 

256.  Secondly,  areas  now  continuous 
must  often  have  existed  within  the  recent 
period  as  isolated  portions,  in  which  many 
forms,     more     especially     among     the 
classes  which  unite  for  each  birth  and 
wander  much,  may  have  separately  been 
rendered  sufficiently  distinct  to  rank  as 
representative  species.     In  this  case,  in- 
termediate varieties  between  the  several 
representative  species  and  their  common 
parent,  must  formerly  have  existed  within 
each  isolated   portion   of  the  land,  but 
these  links  during  the  process  of  natural 
selection  will  have  been  supplanted  and 
exterminated,  so  that  they  will  no  longer 
be  found  in  a  living  state. 

257.  Thirdly,  when  two  or  more  vari- 
eties have  been  formed  in  different  por- 
tions of  a  strictly  continuous  area,  inter- 
mediate varieties  will,  it  is  probable,  at 
first  have  been  formed  in  the  intermediate 
zones,  but  they  will  generally  have  had  a 
short  duration.     For  these   intermediate 
varieties  will,  from  reasons  already  as- 
signed (namely,  from  what  we  know  of 
the  actual  distribution  of  closely  allied  or 
representative    species,   and   likewise  of 
acknowledged  varieties),  exist  in  the  in- 
termediate zones  in  lesser  numbers  than 
the  varieties  which  they  tend  to  connect. 
From  this  cause  alone  the  intermediate 
varieties  will  be  liable  to  accidental  ex- 
termination ;   and  during  the  process  of 
further  modification  through  natural  se- 
lection,  they    will    almost    certainly    be 
beaten    and    supplanted    by  the    forms 
which  they  connect ;  for  these  from  ex- 
isting in  greater    numbers  will,   in  the 
aggregate,   present   more  varieties,  and 
thus     be     further     improved     through 
natural  selection  and  gain  further  advan- 
tages. 

258.  Lastly,   looking  not  to  any  one 
time,  but  to  all  time,  if  my  theory  be  true, 
numberless  intermediate  varieties,  linking 
closely  together  all   the  species   of  the 


same  group,  must  assuredly  have  existed; 
but  the  very  process  of  natural  selection 
constantly  tends,  as  has  been  so  often 
remarked,  to  exterminate  the  parent- 
forms  and  the  intermediate  links.  Con- 
sequently evidence  of  their  former  exist- 
ence could  be  found  only  among  fossil 
remains,  which  are  preserved,  as  we  shall 
attempt  to  show  in  a  future  chapter,  in 
an  extremely  imperfect  and  intermittent 
record. 

On  the  Origin  and  Transitions  of  Or- 
ganic Beings  with  peculiar  Habits 
and  Structure, 

259.  It    has  been   asked  by  the   op- 
ponents of  such  views  as  I  hold,  how, 
for  instance,  could  a  land  carnivorous  ani- 
mal have  been  converted  into  one  with 
aquatic  habits ;  for  how  could  the  animal 
in  its  transitional  state  have  subsisted  ? 
It  would  be  easy  to  show  that  there  now 
exist    carnivorous     animals    presenting 
close   intermediate  grades  from  strictly 
terrestrial  to  aquatic  habits  ;  and  as  each 
exists  by  a  struggle  for  life,  it  is  clear 
that  each  must  be  well  adapted  to  its 
place  in  nature.     Look  at  the   Mustela 
vison     of    North    America,   which    has 
webbed  feet,  and  which  resembles  an  ot- 
ter in  its  fur,  short  legs,  and  form  of  tail. 
During  the  summer  this  animal  dives  for 
and  preys  on  fish,  but  during  the  long 
winter  it  leaves  the  frozen  waters,  and 
preys,  like  other  pole-cats,  on  mice  and 
land   animals.     If  a  different  case  had 
been  taken,  and  it  had  been  asked  how 
an  insectivorous  quadruped  could  possibly 
have  been  converted  into  a  flying  bat,  the 
question  would  have  been  far  more  diffi- 
cult to  answer.     Yet  I  think  such  diffi- 
culties have  little  weight. 

260.  Here,  as  on  other  occasions,  I  lie 
under  a  heavy  disadvantage,  for,  out  of 
the  many  striking  cases  which  I  have  col- 
lected, I  can  give  only  one  or  two  in- 
stances of  transitional  habits  and  struct- 
ures in  allied  species  ;  and  of  diversified 
habits,  either  constant  or  occasional,  in 
the  same  species.     And  it  seems  to  me 
that  nothing  less  than  a  long  list  of  such 
cases  is  sufficient  to  lessen  the  difficulty 
in  any  particular  case  like  that  of  the  bat. 

261.  Look  at  the  family  of  squirrels; 
here  we  have  the  finest  gradation  from 
animals  with  their  tails  only  slightly  flat- 
tened, and  from  others,  as  Sir  J.  Richard- 
son has  remarked,  with  the  posterior  part 
of  their  bodies  rather  wide  and  with  the 
skin  on  their  flanks  rather  full,  to  the  so- 
called  flying  squirrels ;  and  flying  squir- 
rels have  their  limbs  and  even  the  base  of 
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the  tan  united  by  a  broad  expanse  of  skin, 
which  serves  as  a  parachute  and  allows 
them  to  glide  through  the  air  to  an  aston- 
ishing distance  from  tree  to  tree.  We 
cannot  doubt  that  each  structure  is  of  use 
to  each  kind  of  squirrel  in  its  own  country, 
by  enabling  it  to  escape  birds  or  beasts  of 
prey,  to  collect  food  more  quickly,  or,  as 
there  is  reason  to  believe,  to  lessen  the 
danger  from  occasional  falls.  But  it  does 
not  follow  from  this  fact  that  the  structure 
of  each  squirrel  is  the  best  that  it  is  pos- 
sible to  conceive  under  all  possible  condi- 
tions. Let  the  climate  and  vegetation 
change,  let  other  competing  rodents  or 
new  beasts  of  prey  immigrate,  or  old  ones 
become  modified,  and  all  analogy  would 
lead  us  to  believe  that  some  at  least  of  the 
squirrels  would  decrease  in  numbers  or 
become  exterminated,  unless  they  also 
became  modified  and  improved  in  struct- 
ure in  a  corresponding  manner.  There- 
fore, I  can  see  no  difficulty,  more  especially 
under  changing  conditions  of  life,  in  the 
continued  preservation  of  individuals  with 
fuller  and  fuller  flank-membranes,  each 
modification  being  useful,  each  being 
propagated,  until,  by  the  accumulated 
effects  of  this  process  of  natural  selec- 
tion, a  perfect  so-called  flying  squirrel 
was  produced. 

262.  Now  look  at  the  Galeopithecus  or 
so-called  flying  lemur,  which  formerly  was 
ranked  among  bats,  but  is  now  believed 
to  belong  to  the  Insectivora.  An  ex- 
tremely wide  flank-membrane  stretches 
from  the  corners  of  the  jaw  to  the  tail, 
and  includes  the  limbs  with  the  elongated 
fingers.  This  flank-membrane  is  furnish- 
ed with  an  extensor  muscle.  Although 
no  graduated  links  of  structure,  fitted  for 
gliding  through  the  air,  now  connect  the 
Galeopithecus  with  the  other  Insectivora, 
yet  there  is  no  difficulty  in  supposing  that 
such  links  formerly  existed,  and  that  each 
was  developed  in  the  same  manner  as 
with  the  less  perfectly  gliding  squirrels ; 
each  grade  of  structure  having  been  use- 
ful to  its  possessor.  Nor  can  I  see  any 
insuperable  difficulty  in  further  believing 
that  the  membrane  connected  fingers  and 
fore-arm  of  the  Galeopithecus  might  have 
been  greatly  lengthened  by  natural  selec- 
tion ;  and  this,  as  far  as  the  organs  of 
flight  are  concerned,  would  have  converted 
the  animal  into  a  bat.  In  certain  bats  in 
which  the  wing-membrane  extends  from 
the  top  of  the  shoulder  to  the  tail  and  in- 
cludes the  hind-legs,  we  perhaps  see  traces 
of  an  apparatus  originally  fitted  for 
gliding  through  the  air  rather  than  for 
flight. 


263.  If  about  a  dozen  genera  of  birds 
were  to  become  extinct,  who  would  have 
ventui  ed  to  surmise  that  birds  might  have 
existed  which  used  their  wings  solely  as 
flappers,  like  the  logger-headed  duck  (Mi- 
cropterus  of  Eyton) ;  as  fins  in  the  water 
and  as  front-legs  on  the  land,  like  the 
penguin ;  as  sails,  like  the  ostrich ;  and 
functionally  for  no  purpose,  like  the  Ap- 
teryx  ?     Yet  the  structure  of  each  of  these 
birds  is  good  for  it,  under  the  conditions 
of  life  to  which  it  is  exposed,  for  each  has 
to  live  by  a  struggle  ;  but  it  is  not  neces- 
sarily the  best  possible  under  all  possible 
conditions.     It  must  not  be  inferred  from 
these  remarks  that  any  of  the  grades  of 
wing-structure  here  alluded  to,  which  per- 
haps may  all  be  the  result  of  disuse,  indi- 
cate the  steps  by  which  birds  actually  ac- 
quired their  perfect  power  of  flight ;  but 
the  serve  to  show  what  diversified  means 
of  transition  are  at  least  possible. 

264.  Seeing  that   a  few  members  of 
such  water-breathing  classes  as  the  Crus- 
tacea   and     Mollusca    are    adapted    to 
live  on  the  land ;  and  seeing  that  we 
have  flying  birds  and  mammals,  flying 
insects  of  the  most  diversified  types,  and 
formerly  had  flying  reptiles,  it  is  conceiv- 
able that  flying-fish,  which  now  glide  far 
through  the  air,  slightly  rising  and  turn- 
ing by  the  aid   of  their  fluttering  fins, 
might  have  been  modified  into  perfectly 
winged  animals.     If  this  had  been  effect- 
ed, who  would  have  ever  imagined  that 
in  an  early  transitional  state    they  had 
been  the  inhabitants  of  the  open  ocean, 
and    had    used    their    incipient    organs 
of    flight     exclusively,   as    far     as     we 
know,  to  escape  being  devoured  by  other 
fish? 

265.  When  we  see  any  structure  high- 
ly perfected  for  any  particular  habit,  as 
the  wings  of  a  bird  for  flight,  we  should 
bear  in  mind  that  animals  displaying  ear- 
ly transitional  grades  of  the  structure  wiU 
seldom  have  survived  to  the  present  day, 
for  they  will  have  been   supplanted  by 
their  successors,   which   were  gradually 
rendered   more  perfect  through  natural 
selection.     Furthermore,   we    may   con- 
clude  that    transitional    states    between 
structures  fitted  for  very  different  habits 
of  life  will  rarely  have  been  developed  at 
an  early  period  in  great  numbers  and  un- 
der many  subordinate  forms.     Thus,  to 
return  to  our  imaginary  illustration  of  the 
flying-fish,  it  does   not    seem  probable 
that  fishes  capable  of  true  flight  would 
have  been  developed  under  many  subor- 
dinate forms,  for  taking  prey  of  many 
kinds  in  many  ways,  on  the  land  and  in 
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rfte  water,  until  their  organs  of  flight  had 
come  to  a  high  stage  of  perfection,  so  as 
to  have  given  them  a  decided  advantage 
over  other  animals  in  the  battle  for  life. 
Hence  the  chance  of  discovering  species 
with  transitional  grades  of  structure  in 
a  fossil  condition  will  always  be  less, 
from  their  having  existed  in  lesser  num- 
bers, than  in  the  case  of  species  with 
fully  developed  structures. 

266.  I  will  now  give  two  or  three  in- 
stances both  of  diversified  and  of  changed 
habits  in  the  individuals  of  the  same  spe- 
cies     In  either  case  it  would  be  easy  for 
natural  selection  to  adapt  the  structure  of 
the  animal  to  its  changed  habits,  or  ex- 
clusively to  one  of  its  several  habits.     It 
is,  however,  difficult  to  decide,  and  im- 
material for  us,  whether  habits  generally 
change  first  and  structure    afterward  ;  or 
whether  slight  modifications  of  structure 
lead  to  changed  habits ;  both   probably 
often   occurring    almost   simultaneously. 
Of  cases  of  changed  habits  it  will  suffice 
merely  to   allude   to   that   of   the   many 
British  insects  which  now  feed  on  exotic 
plants,  or  exclusively  on  artificial  substan- 
ces.    Of  diversified   habits   innumerable 
instances  could  be  given  :  I   have   often 
watched  a  tyrant  flycatcher  (Saurophagus 
sulphuratus)  in  South  America,  hovering 
over  one  spot  and  then  proceeding  to 
another,  like  a  kestrel,  and  at  other  times 
standing    stationary   on   the    margin   of 
water,  and   then  dashing  into  it  like  a 
kingfisher  at  a  fish.     In  our  own  country 
the   larger  titmouse  (Parus   major)  may 
be  seen  climbing  branches,  almost  like  a 
creeper ;  it  sometimes,  like  a  shrike,  kills 
small  birds  by  blows  on  the  head ;  and  I 
have    many  times    seen    and    heard    it 
hammering  the   seeds  of  the  yew  on  a 
branch,  and   thus   breaking  them   like  a 
nuthatch.     In  North  America  the  black 
bear  was  seen  by  Hearne  swimming  for 
hours  with  widely  open  mouth,  tr  us  catch- 
ing, almost  like  a  whale,  insects  in  the 
water. 

267.  As  we  sometimes  see  individuals 
following    habits    different    from    those 
proper  to  their  species  and  to  the  other 
species  of  the  same  genus,  we  might  ex- 
pect that  such  individuals   would    occa- 
sionally give  rise  to  new  species,  having 
anomalous  habits,  and  with  their  struct- 
ure either  slightly  or  considerably  modi- 
tied  from  that  of  their  type.     And  such 
instances  occur  in  nature.     Can  a  more 
striking  instance  of  adaptation  be  given 
than  that  of  a  woodpecker  for  climbing 
trees  and  seizing  insects  in  the  chinks  of 
the  bark  ?     Yet  in  North  America  there 


are  woodpeckers  which  feed  largely  on 
fruit,  and  others  with  elongated  wings 
which  chase  insects  on  the  wing.  On  the 
plains  of  La  Plata,  where  hardly  a  tree 
grows,  there  is  a  woodpecker  (Colaptes 
campestris)  which  has  two  toes  before 
and  two  behind,  a  long  pointed  tongue, 
pointed  tail-feathers,  sufficiently  stiff  to 
support  the  bird  in  a  vertical  position  on 
a  post,  but  not  so  stiff  as  in  the  typical 
woodpeckers,  and  a  straight  strong  beak. 
The  beak,  however,  is  not  so  straight  or 
so  strong  as  in  the  typical  woodpeckers, 
but  it  is  strong  enough  to  bore  into  wood. 
Hence  this  Colaptes  in  all  the  essential 
parts  of  its  structure  is  a  woodpecker. 
Even  in  such  trifling  characters  as  the 
coloring,  the  harsh  tone  of  the  voice,  and 
undulatory  flight,  its  close  blood-relation- 
ship to  our  common  woodpecker  is  plainly 
declared ;  yet,  as  I  can  assert,  not  only 
from  my  own  observations,  but  from 
those  of  the  accurate  Azara,  in  certain 
large  districts  it  does  not  climb  trees,  and 
it  makes  its  nest  in  holes  in  banks !  In 
certain  other  districts,  however,  this  same 
woodpecker,  as  Mr.  Hudson  states,  fre- 
quents trees,  and  bores  holes  in  the  trunk 
for  its  nest.  I  may  mention  as  another 
illustration  of  the  varied  habits  of  this 
genus,  that  a  Mexican  Colaptes  has  been 
described  by  De  Saussure  as  boring  holes 
into  hard  wood  in  order  to  lay  up  a  store 
of  acorns. 

268.  Petrels  are  the  most  aerial  and 
oceanic  of  birds,  but  in  the  quiet  sounds 
of  Tierra  del  Fuego,  the  Puffinuria  berardi, 
in  its  general  habits,  in  its  astonishing 
power  of  diving,  in  its  manner  of  swim- 
ming and  of  flying  when  made  to  take 
flight,  would  be  mistaken  by  any  one  for 
an  auk  or  a  grebe;  nevertheless  it  is 
essentially  a  petrel,  but  with  many  parts 
of  its  organization  profoundly  modified 
in  relation  to  its  new  habits  of  life  ;  where- 
as the  woodpecker  of  La  Plata  has  had 
its  structure  only  slightly  modified.  In 
the  case  of  the  water-ouzel,  the  acutest 
observer  by  examining  its  dead  body 
would  never  have  suspected  its  sub-aqua- 
tic habits  ;  yet  Lhis  bird,  which  is  allied  to 
the  thrush  family,  subsists  by  diving — 
using  its  wings  under  water,  and  grasping 
stones  with  its  feet.  All  the  members  of 
the  great  order  of  Hymenopterous  insects 
are  terrestrial,  excepting  the  genus  Proc- 
totrupes,  which  Sir  John  Lubbock  has 
discovered  to  be  aquatic  in  its  habits ;  it 
often  enters  the  water  and  dives  about 
by  the  use  not  of  its  legs  but  of  its  wings, 
and  remains  as  long  as  four  hours  beneath 
the  surface  ;  yet  it  exhibits  no  modifica- 
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tion  in  structure  in  accordance  with  its 
abnormal  habits. 

269.  He  who  believes  that  each  being 
has  been  created  as  we  now  see  it,  must 
occasionally  have  felt  surprise  when  he 
has  met  with  an  animal  having  habits  and 
structure  not  in  agreement.     What  can 
be  plainer  than  that  the  webbed  feet  of 
ducks  and  geese  are  formed  for  swim- 
ming ?     Yet  there  are  upland  geese  with 
webbed   feet  which   rarely  go   near  the 
water ;  and  no  one  except  Audubon  has 
seen  the  frigate-bird,  which  has  all   its 
four  toes  webbed,  alight  on  the  surface 
of  the  ocean.     On  the  other  hand,  grebes 
and  coots  are  eminently  aquatic,  although 
their  toes  are   only  bordered  by  mem- 
brane.    What  seems  plainer  than  that  the 
long  toes,  not  furnished  with  membrane, 
of  the  Grallatores  are  formed  for  walking 
over  swamps  and  floating  plants? — the 
water-hen  and  landrail  are  members  of 
this  order,  yet  the  first  is  nearly  as  aqua- 
tic as  the  coot,  and  the  second  nearly  as 
terrestrial  as  the  quail  or  partridge.     In 
such   cases,  and   many  others  could   be 
given,   habits   have    changed  without  a 
corresponding  change  of  structure.     The 
webbed  feet  of  the  upland  goose  may  be 
said  to  have  become  almost  rudimentary 
in  function,  though  not  in  structure.     In 
the  frigate-bird,  the  deeply  scooped  mem- 
brane between  the  toes  shows  that  struct- 
ure has  begun  to  change. 

270.  He  who  believes  in  separate  and 
innumerable  acts   of  creation  may  say, 
that   in  these   cases   it   has  pleased   the 
Creator  to  cause  a  being  of  one  type  to 
take  the  place  of  one  belonging  to  another 
type  ;  but  this  seems  to  me  only  re-stat- 
ing the  fact  in  dignified  language.     He 
who  believes  in  the  struggle  for  existence 
and  in  the  principle  of  natural  selection, 
will  acknowledge  that  every  organic  being 
is  constantly  endeavoring  to  increase  in 
numbers ;  and  that  if  any  one  being  varies 
ever  so  little,  either  in  habits  or  structure, 
and  thus  gains  an  advantage  over  some 
other  inhabitant  of  the  same  country,  it 
will  seize  on  the  place  of  that  inhabitant, 
however  different  that  may  be  from  its 
own  place.     Hence  it  will  cause  him  no 
surprise  that  there  should  be  geese  and 
frigate-birds  with  webbed   feet,  living  on 
the  dry  land  and  rarely  alighting  on  the 
water ;  that  there   should   be   long-toed 
corncrakes,  living  in  meadows  instead  of 
in  swamps ;  that  there  should  be  wood- 
peckers where  hardly  a  tree  grows  ;  that 
there  should  be  diving  thrushes  and  div- 
ing Hymenoptera,  and  petrels  with  the 
habits  of  auks. 


Organs  of  extreme  Perfection  and  Com- 
plication. 

271.  To  suppose  that  the  eye  with  all 
its  inimitable  contrivances  for  adjusting 
the  focus  to  different  distances,  for  admit- 
ting different  amounts  of  light,  and  for 
the  correction  of  spherical  and  chromatic 
aberration,  could  have  been   formed  by 
natural  selection,  seems,  I  freely  confess, 
absurd  in  the  highest  degree.     When  it 
was  first  said  that  the  sun  stood  still  and 
the   world    turned   round,   the  common 
sense  of  mankind  declared  the  doctrine 
false  ;  but  the  old  saying  of  Vox  populi, 
vox  Dei,  as  every  philosopher  knows, 
cannot  be  trusted   in  science.     Reason 
tells  me,  that  if  numerous  gradations  from 
a  simple  and  imperfect  eye  to  one  complex 
and  perfect  can  be  shown  to  exist,  each 
grade  being  useful  to  its  possessor,  as  is 
certainly  the   case ;  if   further,   the    eye 
ever  varies  and  the  variations  be  inherited, 
as  is  likewise  certainly  the  case ;  and  if 
such  variations  should  be  useful  to  any 
animal  under  changing  conditions  of  life, 
then  the  difficulty  of  believing  that  a  per- 
fect and  complex  eye  could  be  formed  by 
natural  selection,  though  insuperable  by 
our  imagination,  should  not  be  considered 
as    subversive    of  the  theory.     How  a 
nerve  comes    to    be   sensitive   to   light, 
hardly  concerns  us  more  than  how  life 
itself  originated  ;  but  I  may  remark  that, 
as  some  of  the  lowest  organisms,  in  which 
nerves  cannot  be  detected,  are  capable  of 
perceiving  light,  it  does  not  seem  impos- 
sible that  certain   sensitive  elements  in 
their  sarcode  should  become  aggregated 
and  developed  into  nerves,  endowed  with 
this  special  sensibility. 

272.  In  searching  for  the  gradations 
through  which  an  organ  in   any  species 
has  been  perfected,  we  ought  to  look  ex- 
clusively to  its  lineal  progenitors  ;  but  this 
is  scarcely  ever  possible,  and  we  are  forced 
to  look  to  other  species  and  genera  of  the 
same  group,  that  is  to  the  collateral  de- 
scendants from  the  same  parent-form,  in 
order  to  see  what  gradations  are  possible 
and  for  the  chance  of  some  gradations 
having  been  transmitted  in  an  unaltered 
or  little  altered  condition.     But  the  state 
of  the  same  organ  in  distinct  classes  may 
incidentally  throw  light  on  the  steps  by 
which  it  has  been  perfected. 

273.  The  simplest  organ  which  can  be 
called  an  eye  consists  of  an  optic  nerve, 
surrounded  by  pigment-cells  and  covered 
by  translucent  skin,  but  without  any  lens 
or  other  refractive  body.     We  may,  how- 
ever, according  to  M.  Jourdain,  descend 
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tven  a  step  lower  and  find  aggregates  of 
pigment-cells,  apparently  serving  as  or- 
gans of  vision,  without  any  nerves,  and 
resting  merely  on  sarcodic  tissue.  Eyes 
of  the  above  simple  nature  are  not  capa- 
ble of  distinct  vision,  and  serve  only  to 
distinguish  light  from  darkness.  In  cer- 
tain star-fishes,  small  depressions  in  the 
layer  of  pigment  which  surrounds  the 
nerve  are  filled,  as  described  by  the  author 
just  quoted,  with  transparent  gelatinous 
matter,  projecting  with  a  convex  surface, 
like  the  cornea  in  the  higher  animals. 
He  suggests  that  this  serves  not  to  form 
an  image,  but  only  to  concentrate  the 
luminous  rays  and  render  their  perception 
more  easy.  In  this  concentration  of  the 
rays  we  gain  the  first  and  by  far  the  most 
important  step  toward  the  formation  of 
a  true,  picture-forming  eye ;  for  we  have 
only  to  place  the  naked  extremity  of  the 
optic  nerve,  which  in  some  of  the  lower 
animals  lies  deeply  buried  in  the  body, 
and  in  some  near  the  surface,  at  the  right 
distance  from  the  concentrating  appara- 
tus, and  an  image  will  be  formed  on  it. 

274.  In  the  great  class  of  the  Articu- 
lata,  we  may  start  from  an  optic   nerve 
simply  coated  with  pigment,  the   latter 
sometimes   forming  a  sort   of  pupil,  but 
destitute  of  a  lens  or  other  optical  con- 
trivance.    With  insects  it  is  now  known 
that  the  numerous  facets  on  the  cornea 
of  their  great  compound  eyes  form  true 
lenses,  and  that  the  cones  include  curi- 
ously modified   nervous   filaments.     But 
these   organs  in  the   Articulata  are  so 
much    diversified   that   Miiller   formerly 
made  three  main  classes  with  seven  sub- 
divisions, besides  a  fourth  main  class  of 
aggregated  simple  eyes. 

275.  When  we  reflect  on  these   facts, 
here  given  much  too  briefly,  with  respect 
to  the  wide,  diversified,  and   graduated 
range  of  structure  in  the  eyes  of  the  lower 
animals ;  and  when  we  bear  in  mind  how 
small  the  number  of  all  living  forms  must 
be  in  comparison  with  those  which  have 
become  extinct,  the   difficulty  ceases   to 
be  very  great  in   believing  that  natural 
selection  may  have  converted  the  simple 
apparatus  of  an  optic  nerve,  coated  with 
pigment    and    invested    by    transparent 
membrane,  into  an  optical  instrument  as 
perfect  as  is  possessed  by  any  member  of 
the  Articulate  Class. 

276.  He  who  will  go  thus   far,  ought 
not  to  hesitate  to  go  one  step  further,  if 
he  finds  on   finishing  this  volume   that 
large  bodies  of  facts,  otherwise  inexplica- 
ble, can  be  explained  by  the  theory  of 
modification  through  natural  selection ; 


he  ought  to  admit  that  a  structure  ev<n 
as  perfect  as  an  eagle's  eye  might  thus 
be  formed,  although  in  this  case  he  does 
not  know  the  transitional  states.  It  has 
been  objected  that  in  order  to  modify 
the  eye  and  still  preserve  it  as  a  perfect 
instrument,  many  changes  would  have 
to  be  effected  simultaneously,  which,  it 
is  assumed,  could  not  be  done  through 
natural  selection  ;  but  as  I  have  attempted 
to  show  in  my  work  on  the  variation  of 
domestic  animals,  it  is  not  necessary  to 
suppose  that  the  modifications  were  all 
simultaneous,  if  they  were  extremely 
slight  and  gradual.  Different  kinds  of 
modification  would,  also,  serve  for  the 
same  general  purpose :  as  Mr.  Wallace 
has  remarked,  "  if  a  lens  has  too  short  or 
too  long  a  focus,  it  may  be  amended 
either  by  an  alteration  of  curvature,  or 
an  alteration  of  density :  if  the  curvature 
be  irregular,  and  the  rays  do  not  converge 
to  a  point,  then  any  increased  regularity 
of  curvature  will  be  an  improvement. 
So  the  contraction  of  the  iris  and  the 
muscular  movements  of  the  eye  are 
neither  of  them  essential  to  vision,  but 
only  improvements  which  might  have 
been  added  and  perfected  at  any  stage 
of  the  construction  of  the  instrument." 
Within  the  highest  division  of  the  ani- 
mal kingdom,  namely,  the  Vertebrata,  we 
can  start  from  an  eye  so  simple,  that  it 
consists,  as  in  the  lancelet,  of  a  little  sack 
of  transparent  skin,  furnished  with  a 
nerve  and  lined  with  pigment,  but  desti- 
tute of  any  other  apparatus.  In  fishes 
and  reptiles,  as  Owen  has  remarked, 
"  the  range  of  gradations  of  dioptric 
structures  is  very  great."  It  is  a  signifi- 
cant fact  that  even  in  man,  according  to 
the  high  authority  of  Virchow,  the  beauti- 
ful crystalline  lens  is  formed  in  the  em- 
bryo by  an  accumulation  of  epidermic 
cells,  lying  in  a  sack-like  fold  of  the  skin  ; 
and  the  vitreous  body  is  formed  from  em- 
bryonic sub-cutaneous  tissue.  To  arrive, 
however,  at  a  just  conclusion  regarding 
the  formation  of  the  eye,  with  all  its  mar- 
velous yet  not  absolutely  perfect  char- 
acters, it  is  indispensable  that  the  reason 
should  conquer  the  imagination;  but  I 
have  felt  the  difficulty  far  too  keenly  to 
be  surprised  at  others  hesitating  to  ex- 
tend the  principle  of  natural  selection  to 
so  startling  a  length. 

277.  It  is  scarcely  possible  to  avoid 
comparing  the  eye  with  a  telescope.  We 
know  that  this  instrument  has  been  per- 
fected by  the  long-continued  efforts  of 
the  highest  human  intellects;  and  we 
naturally  infer  that  the  eye  has  been 
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formed  by  a  somewhat  analogous  proc- 
ess. But  may  not  this  inference  be  pre- 
sumptuous ?  Have  we  any  right  to  as- 
sume that  the  Creator  works  by  intellect- 
ual powers  like  those  of  man  ?  If  we 
must  compare  the  eye  to  an  optical  in- 
strument, we  ought  in  imagination  to 
take  a  thick  layer  of  transparent  tissue, 
with  spaces  filled  with  fluid,  and  with  a 
nerve  sensitive  to  light  beneath,  and 
then  suppose  every  part  of  this  layer  to 
be  continually  changing  slowly  in  density, 
so  as  to  separate  into  layers  of  different 
densities  and  thicknesses,  placed  at  dif- 
ferent distances  from  each  other,  and 
with  the  surfaces  of  each  layer  slowly 
changing  in  form.  Further  we  must  sup- 
pose that  there  is  a  power,  represented 
by  natural  selection  or  the  survival  of 
the  fittest,  always  intently  watching  each 
slight  alteration  in  the  transparent  layers ; 
and  carefully  preserving  each  which, 
under  varied  circumstances,  in  any  way 
or  in  any  degree,  tends  to  produce  a  dis- 
tincter  image.  We  must  suppose  each 
new  state  of  the  instrument  to  be  multi- 
plied by  the  million  ;  each  to  be  preserved 
until  a  better  one  is  produced,  and  then 
the  old  ones  to  be  all  destroyed.  In  liv- 
ing bodies,  variation  will  cause  the  slight 
alterations,  generation  will  multiply  them 
almost  infinitely,  and  natural  selection 
will  pick  out  with  unerring  skill  each  im- 
provement. Let  this  process  go  on  for 
millions  of  years ;  and  during  each  year 
on  millions  of  individuals  of  many  kinds  ; 
and  may  we  not  believe  that  a  living 
optical  instrument  might  thus  be  formed 
as  superior  to  one  of  glass,  as  the  works 
of  the  Creator  are  to  those  of  man  ? 

Modes  of  Transition. 

278.  If  it  could  be  demonstrated  that 
any  complex  organ  existed,  which  could 
not  possibly  have  been  formed  by  numer- 
ous, successive,  slight  modifications,  my 
theory  would  absolutely  break  down. 
But  I  can  find  out  no  such  case.  No 
doubt  many  organs  exist  of  which  we  do 
not  know  the  transitional  grades,  more 
especially  if  we  look  to  much-isolated 
species,  round  which,  according  to  the 
theory,  there  has  been  much  extinction. 
Or  again,  if  we  take  an  organ  common 
to  all  the  members  of  a  class,  for  in  this 
latter  case  the  organ  must  have  been 
originally  formed  at  a  remote  period, 
since  which  all  the  many  members  of 
the  class  have  been  developed;  and  in 
order  to  discover  the  early  transition*! 
grades  through  which  the  organ  ha* 
passed,  we  should  have  to  look  to  very 


ancient  ancestral   forms,   long  since  be- 
come extinct. 

279.  We  should  be  extremely  cautious 
in  concluding  that  an  organ  could  not 
have  been  formed  by  transitional  grada- 
tions  of   some   kind.     Numerous   cases 
could   be   given   among  the  lower   ani- 
mals of   the  same  organ  performing  at 
the  same  time  wholly  distinct  functions  ; 
thus  in  the  larva  of  the  dragon-fly  and  in 
the  fish  Cobites  the  alimentary  canal  re- 
spires,   digests,    and    excretes.     In    the 
Hydra,  the  animal  may  be  turned  inside 
out,  and  the   exterior  surface  will   then 
digest  and  the  stomach  respire.     In  such 
cases  natural  selection  might  specialize, 
if  any  advantage  were  thus  gained,  the 
whole  or  part  of  an  organ,  which  had 
previously  performed  two  functions,  for 
one  function  alone,  and  thus  by  insensible 
steps  greatly  change   its  nature.     Many 
plants  are   known  which   regularly  pro- 
duce at  the  same  time  differently  con- 
structed flowers  ;  and  if  such  plants  were 
to  produce  one  kind  alone,  a  great  change 
would  be  effected  with  comparative  sud- 
denness in  the  character  of  the  species. 
It  is,   however,   probable   that   the  two 
sorts  of  flowers  borne  by  the  same  plant 
were   originally   differentiated   by  finely 
graduated  steps,  which  may  still  be  fol- 
lowed in  some  few  cases. 

280.  Again,   two  distinct    organs,   or 
the  same  organ  under  two  very  different 
forms,   may  simultaneously   perform   in 
the  same   individual  the  same   function, 
and  this  is  an  extremely  important  means 
of    transition:    to  give  one   instance, — 
there  are  fish  with  gills  or  branchiae  that 
breathe  the  air  dissolved  in  the  water,  at 
the  same  time  that  they  breathe  free  air 
in  their  swimbladders,  this  latter  organ 
being  divided  by  highly  vascular  parti- 
tions, and  having  a  ductus  pneumaticus 
for  the  supply  of  air.     To  give  another 
instance   from   the  vegetable  kingdom : 
plants  climb  by  three  distinct  means,  by 
spirally  twining,  by  clasping  a  support 
with  their  sensitive  tendrils,  and  by  the 
emission  of  aerial   rootlets;  these  three 
means    are    usually    found    in    distinct 
groups,  but  some  few  species  exhibit  two 
of  the  means,  or  even  all  three,  combined 
in  the  same  individual.     In  all  such  cases 
one  of  the  two  organs  might  readily  be 
modified  and  perfected  so  as  to  perform 
all    the  work,   being  aided   during    the 
progress  of  modification  by  the    other 
organ ;  and  then  this  other  organ  might 
be  modified  for  some  other  and  quite 
distinct  purpose,  or  be  wholly  obliterated. 

38?.  The  illustration  of  the  swimblad- 
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der  in  fishes  is  a  good  one,  because  it 
shows  us  clearly  tne  highly  important 
fact  that  an  organ  originally  constructed 
for  one  purpose,  namely,  flotation,  may 
be  converted  into  one  for  a  widely  dif- 
ferent purpose,  namely,  respiration.  The 
swimbladder  has,  also,  been  worked  in 
as  an  accessory  to  the  auditory  organs 
of  certain  fishes.  All  physiologists  admit 
that  the  swimbladder  is  homologous,  or 
"  ideally  similar  "  in  position  and  struct- 
ure with  the  lungs  of  the  higher  verte- 
brate animals :  hence  there  is  no  reason 
to  doubt  that  the  swimbladder  has  actu- 
ally been  converted  into  lungs,  or  an 
organ  used  exclusively  for  respiration. 

282.  According  to  this  view  it  may  be 
inferred  that  all  vertebrate  animals  with 
true   lungs   are   descended   by   ordinary 
generation  from  an  ancient  and  unknown 
prototype,  which  was   furnished  with   a 
floating  apparatus  or  swimbladder.     We 
can  thus,  as  I  infer  from  Owen's  interest- 
ing description  of  these  parts,  understand 
the   strange  fact  that  every  particle   of 
food   and   drink  which  we   swallow  has 
to  pass  over  the  orifice  of  the  trachea, 
with  some  risk  of  falling  into  the  lungs, 
notwithstanding  the  beautiful  contrivance 
by  which   the  glottis  is  closed.     In  the 
higher  Vertebrata    the    branchiae    have 
wholly  disappeared — but  in  the  embryo 
the  slits  on  the  sides  of  the  neck  and  the 
loop-like  course  of  the  arteries  still  mark 
their  former  position.     But  it  is  conceiv- 
able that  the  now  utterly  lost  branchiae 
might  have  been  gradually  worked  in  by 
natural  selection  for  some  distinct  pur- 
pose :  for  instance,  Landois  has   shown 
that  the  wings  of  insects  are  developed 
from  the  tracheae ;  it  is  therefore  highly 
probable  that  in  this  great  class  organs 
which  once  served  for  respiration  have 
been  actually  converted  into  organs  for 
flight. 

283.  In  considering  transitions  of  or- 
gans, it  is  so  important  to  bear  in  mind 
the  probability  of  conversion  from   one 
function  to  another,  that  I  will  give  an- 
other instance.     Pedunculated  cirripedes 
have  two  minute  folds  of  skin,  called  by 
me  the    ovigerous    frena,   which   serve, 
through  the  means  of  a  sticky  secretion, 
to  retain  the  eggs  until  they  are  hatched 
within  the  sack.     These  cirripedes  have 
no  branchiae,  the  whole   surface  of  the 
body  and  of  the  sack,  together  with  the 
small  frena,  serving  for  respiration.     The 
Balanidae   or    sessile  cirripedes,  on   the 
other  hand,  have  no  ovigerous  frena,  the 
eggs  lying   loose  at   the   bottom  of  the 
sack,  within  the  well-enclosed  shell ;  but 
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they  have,  in  the  same  relative  position 
with  the  frena,  large,  much-folded  mem- 
branes, which  freely  communicate  with 
the  circulatory  lacunae  of  the  sack  and 
body,  and  which  have  been  considered 
by  all  naturalists  to  act  as  branchiae. 
Now  I  think  no  one  will  dispute  that  the 
ovigerous  frena  in  the  one  family  are 
strictly  homologous  with  the  branchiae 
of  the  other  family ;  indeed,  they  gradu- 
ate into  each  other.  Therefore  it  need 
not  be  doubted  that  the  two  little  folds 
of  skin,  which  originally  served  as  oviger- 
ous frena,  but  which,  likewise,  very 
slightly  aided  in  the  act  of  respiration, 
have  been  gradually  converted  by  natural 
selection  into  branchiae,  simply  through 
an  increase  in  their  size  and  the  oblitera- 
tion of  their  adhesive  glands.  If  all  pe- 
dunculated  cirripedes  had  become  ex- 
tinct, and  they  have  suffered  far  more  ex- 
tinction than  have  sessile  cirripedes,  who 
would  ever  have  imagined  that  the  bran- 
chiae in  this  latter  family  had  originally 
existed  as  organs  for  preventing  the  ova 
from  being  washed  out  of  the  sack  ? 

284.  There  is  another  possible  mode 
of  transition,  namely,  through  the  accel- 
eration or  retardation  of  the  period  of  re- 
production. This  has  lately  been  insisted 
on  by  Prof.  Cope  and  others  in  the  Uni- 
ted States.  It  is  now  known  that  some 
animals  are  capable  of  reproduction  at  a 
very  early  age,  before  they  have  acquired 
their  perfect  characters ;  and  if  this  power 
became  thoroughly  well  developed  in  a 
species,  it  seems  probable  that  the  adult 
stage  of  development  would  sooner  or 
later  be  lost ;  and  in  this  case,  especially 
if  the  larva  differed  much  from  the  ma- 
ture form,  the  character  of  the  species 
would  be  greatly  changed  and  degraded. 
Again,  not  a  few  animals,  after  arriving 
at  maturity,  go  on  changing  in  character 
during  nearly  their  whole  lives.  With 
mammals,  for  instance,  the  form  of  the 
skull  is  often  much  altered  with  age,  of 
which  Dr.  Murie  has  given  some  striking 
instances  with  seals;  every  one  knows 
how  the  horns  of  stags  become  more  and 
more  branched,  and  the  plumes  of  some 
birds  become  more  finely  developed,  as 
they  grow  older.  Prof.  Cope  states  that 
the  teeth  of  certain  lizards  change  much 
in  shape  with  advancing  years ;  with 
crustaceans  not  only  many  trivial,  but 
some  important  parts  assume  a  new 
character,  as  recorded  by  Fritz  Miiller, 
after  maturity.  In  all  such  cases, — and 
many  could  be  given, — if  the  age  for  re- 
production were  retarded,  the  character 
of  the  species,  at  least  in  its  adult  state, 
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wouia  ue  modified ;  nor  is  it  improbable 
that  the  previous  and  earlier  stages  of  de- 
velopment would  in  some  cases  be  hurried 
through  and  finally  lost.  Whether  spe- 
cies have  often  or  evtr  been  modified 
through  this  comparatively  sudden  mode 
of  transition,  I  can  form  no  opinion  ;  but 
if  this  has  occurred,  it  is  probable  that 
the  differences  between  the  young  and 
the  mature,  and  between  the  mature  and 
the  old,  were  primordially  acquired  by 
graduated  steps. 

Special   Difficulties  of   the    Theory  of 
Natural  Selection. 

285.  Although  we  must  be  extremely 
cautious  in  concluding  that  any  organ 
could  not  have  been  produced  by  succes- 
sive, small,  transitional  gradations,  yet 
undoubtedly  serious  cases  of  difficulty 
occur.  One  of  the  most  serious  is  that 
of  neuter  insects,  which  are  often  differ- 
ently constructed  from  either  the  males 
or  fertile  females ;  but  this  case  will  be 
treated  of  in  the  next  chapter.  The  elec- 
tric organs  of  fishes  offer  another  case  of 
special  difficulty ;  for  it  is  impossible  to 
conceive  by  what  steps  these  wondrous 
organs  have  been  produced.  But  this  is 
not  surprising,  for  we  do  not  even  know 
of  what  use  they  are.  In  the  Gymnotus 
and  Torpedo  they  no  doubt  serve  as 
powerful  means  of  defense,  and  perhaps 
for  securing  prey  ;  yet  in  the  Ray,  as  ob- 
served by  Matteucci,  an  analogous  organ 
in  the  tail  manifests  but  little  electricity, 
even  when  the  animal  is  greatly  irritated  ; 
so  little,  that  it  can  hardly  be  of  any  use 
for  the  above  purposes.  Moreover,  in 
the  Ray,  besides  the  organ  just  referred 
to,  there  is,  as  Dr.  R.  M'Donnell  has 
shown,  another  organ  near  the  head,  not 
known  to  be  electrical,  but  which  appears 
to  be  the  real  homologue  of  the  electric 
battery  in  the  Torpedo.  It  is  generally 
admitted  that  there  exists  between  these 
organs  and  ordinary  muscle  a  close  anal- 
ogy, in  intimate  structure,  in  the  distribu- 
tion of  the  nerves,  and  in  the  manner  in 
which  they  are  acted  on  by  various  rea- 
gents. It  should,  also,  be  especially  ob- 
served that  muscular  contraction  is  ac- 
companied by  an  electrical  discharge ; 
and,  as  Dr.  Radcliffe  insists,  "  in  the  elec- 
trical apparatus  of  the  torpedo  during 
rest,  there  would  seem  to  be  a  charge  in 
every  respect  like  that  which  is  met  with 
in  muscle  and  nerve  during  rest,  and  the 
discharge  of  the  torpedo,  instead  of  being 
peculiar,  may  be  only  another  form  of 
the  discharge  which  attends  upon  the  ac- 
tion of  muscle  and  motor  nerve."  Be- 


yond this  we  cannot  at  present  go  in  the 
way  of  explanation ;  but  as  we  know  so 
little  about  the  uses  of  these  organs,  and 
as  we  know  nothing  about  the  habits  and 
structure  of  the  progenitors  of  the  exist- 
ing electric  fishes,  it  would  be  extremely 
bold  to  maintain  that  no  serviceable  tran- 
sitions are  possible  by  which  these  organs 
might  have  been  gradually  developed. 

286.  These  organs  appear  at  first  to 
offer  another  and  far  more  serious  diffi- 
culty ;  for  they  occur  in  about  a  dozen 
kinds  of  fish,  of  which  several  are  widely 
remote   in   their  affinities.      When    the 
same  organ  is  found  in  several  members 
of  the  same  class,  especially  if  in  mem- 
bers having  very  different  habits  of  life, 
we  may  generally  attribute  its  presence 
to  inheritance  from  a  common  ancestor ; 
and  its  absence  in  some  of  the  members 
to  loss  through  disuse  or  natural  selec- 
tion.    So  that,  if  the  electric  organs  had 
been  inherited  from   some   one   ancient 
progenitor,  we  might  have  expected  that 
all  electric  fishes  would  have  been  espe- 
cially related  to  each  other  ;  but  this  is 
far  from  the  case.     Nor  does  geology  at 
all  lead  to  the  belief  that  most  fishes 
formerly  possessed  electric  organs,  which 
their  modified  descendants  have  now  lost. 
But  when  we  look  at  the  subject  more 
closely,  we  find  in  the  several  fishes  pro- 
vided with  electric  organs,  that  these  are 
situated  in  different  parts  of  the  body, — 
that  they  differ  in  construction,  as  in  the 
arrangement  of  the  plates,  and,  according 
to  Pacini,  in    the  process   or  means  by 
which  the  electricity  is  excited — and  last- 
ly, in  being  supplied  with  nerves  proceed- 
ing from  different  sources,  and  this  is  per- 
haps the  most  important  of  all  the  differ- 
ences.    Hence  in  the  several  fishes  fur- 
nished with  electric   organs,  these   can- 
not be  considered  as    homologous,  but 
only  as  analogous  in  function.     Conse- 
quently there  is  no    reason  to    suppose 
that  they  have  been  inherited    from    a 
common  progenitor ;  for  had  this  been 
the  case  they  would  have  closely  resem- 
bled  each  other  in   all  respects.     Thus 
the  difficulty  of  an  organ,  apparently  the 
same,  arising  in  several   remotely  allied 
species,  disappears,  leaving  only  the  lesser 
yet  still  great  difficulty  ;  namely,  by  what 
graduated  steps  these  organs  have  been 
developed  in    each    separate    group  of 
fishes. 

287.  The  luminous  organs  which  occur 
in  a  few  insects,  belonging  to  widely  dif- 
ferent families,  and  which  are  situated  in 
different  parts  of  the  body,  offer,  under 
our  present  state  of  ignorance,  a  difficul- 
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ty  almost  exactly  parallel  with  that  of  the 
electric  organs.  Other  similar  cases 
could  be  given ;  for  instance  in  plants, 
the  very  curious  contrivance  of  a  mass  of 
pollen-grains,  borne  on  a  foot-stalk  with 
an  adhesive  gland,  is  apparently  the  same 
in  Orchis  and  Asclepias, — genera  almost 
as  remote  as  is  possible  among  flower- 
ing plants  ;  but  here  again  the  parts  are 
not  homologous.  In  all  cases  of  beings, 
far  removed  from  each  other  in  the  scale 
of  organization,  which  are  furnished  with 
similar  and  peculiar  organs,  it  will  be 
found  that  although  the  general  appear- 
ance and  function  of  the  organs  may  be 
the  same,  yet  fundamental  differences  be- 
tween them  can  always  be  detected.  For 
instance,  the  eyes  of  cephalopods  or  cut- 
tle-fish and  of  vertebrate  animals  appear 
wonderfully  alike  ;  and  in  such  widely  sun- 
dered groups  no  part  of  this  resemblance 
can  be  due  to  inheritance  from  a  common 
progenitor.  Mr.  Mivart  has  advanced 
this  case  as  one  of  special  difficulty,  but  I 
am  unable  to  see  the  force  of  his  argu- 
ment. An  organ  for  vision  must  be 
formed  of  transparent  tissue,  and  must 
include  some  sort  of  lens  for  throwing  an 
image  at  the  back  of  a  darkened  cham- 
ber. Beyond  this  superficial  resemblance, 
there  is  hardly  any  real  similarity  between 
the  eyes  of  cuttle-fish  and  vertebrates,  as 
may  be  seen  by  consulting  Hensen's  ad- 
mirable memoir  on  these  organs  in  the 
Caphalopoda.  It  is  impossible  for  me 
here  to  enter  on  details,  but  I  may  speci- 
fy a  few  of  the  points  of  difference.  The 
crystalline  lens  in  the  higher  cuttle-fish 
consists  of  two  parts,  placed  one  behind 
the  other  like  two  lenses,  both  having  a 
very  different  structure  and  disposition  to 
what  occurs  in  the  vertebrata.  The  ret- 
ina is  wholly  different,  with  an  actual  in- 
version of  the  elemental  parts,  and  with 
a  large  nervous  ganglion  included  within 
the  membranes  of  the  eye.  The  relations 
of  the  muscles  are  as  different  as  it  is 
possible  to  conceive,  and  so  in  other 
points.  Hence  it  is  not  a  little  difficult  to 
decide  how  far  even  the  same  terms 
ought  to  be  employed  in  describing  the 
eyes  of  the  Cephalopoda  and  Vertebrata. 
It  is,  of  course,  open  to  any  one  to  deny 
that  the  eye  in  either  case  could  have 
been  developed  through  the  natural  selec- 
tion of  successive,  slight  variations  ;  but 
if  this  be  admitted  in  the  one  case,  it  is 
clearly  possible  in  the  other  ;  and  funda- 
mental differences  of  structure  in  the  vis- 
ual organs  of  two  groups  might  have  been 
anticipated,  in  accordance  with  this  view 
of  their  manner  of  formation.  As  two 


men  have  sometimes  independently  hit 
on  the  same  invention,  so  in  the  several 
foregoing  cases  it  appears  mat  natural 
selection,  working  for  the  good  of  each 
being,  and  taking  advantage  of  all  favor- 
able variations,  has  produced  similar  or- 
gans, as  far  as  function  is  concerned,  in 
distinct  organic  beings,  which  owe  none 
of  their  structure  in  common  to  inherit- 
ance from  a  common  progenitor. 

288.  Fritz  Miiller,  in  order  to  test  the 
conclusions  arrived  at  in  this  volume,  has 
followed  out  with    much  care  a   nearly 
similar  line  of  argument.     Several  fami- 
lies of  crustaceans  include  a  few  species, 
possessing    an   air-breathing    apparatus 
and  fitted  to  live  out  of  the  water.     In 
two  of  these  families,  which  were  more 
especially  examined  by  Miiller,  and  which 
are  nearly  related  to  each  other,  the  spe- 
cies agree  most  closely  in  all  important 
characters  ;  namely  in  their  sense-organs, 
circulating  system,  in  the  position  of  the 
tufts  of  hair  within  their  complex  stom- 
achs, and  lastly  in  the  whole  structure  of 
the   water-breathing  branchiae,  even   to 
the  microscopical    hooks  by  which  they 
are  cleansed.     Hence  it  might  have  been 
expected  that  in  the  few  species  belong- 
ing to  both  families  which  live   on    the 
land,  the  equally-important  air-breathing 
apparatus  would  have    been  the  same ; 
for  why  should  this  one  apparatus,  given 
for  the  same  purpose,  have  been  made  to 
differ,  while  all  the  other  important   or- 
gans were  closely  similar  or  rather  iden- 
tical. 

289.  Fritz  Miiller  argues  that  this  close 
similarity  in  so  many  points  of  structure 
must,  in  accordance  with  the  views  ad- 
vanced by  me,  be  accounted  for  by  inher- 
itance from  a  common  progenitor.     But 
as  the  vast  majority  of  the  species  in  the 
above  two  families,  as  well  as  most  other 
crustaceans,  are  aquatic  in  their  habits,  it 
is  improbable  in  the  highest  degree,  that 
their  common  progenitor  should  have  been 
adapted  for  breathing  air.      Miiller  was 
thus  led  carefully  to  examine  the  appara- 
tus in  the  air-breathing  species ;  and  he 
found  it  to  differ  in  each  in  several  impor- 
tant points,  as  in  the  position  of  the  orifices, 
in  the  manner  in  which  they  are  opened 
and  closed,  and  in  some  accessory  details. 
Now  such  differences  are  intelligible,  and 
might  even  have  been  expected,  on  the 
supposition  that  species  belonging  to  dis- 
tinct families  had  slowly  become  adapted 
to  live  more  and  more  out  of  water,  and 
to  breathe  the  air.      For  these  species, 
from  belonging  to  distinct  families,  would 
have  differed  to  a  certain  extent,  and  in 
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accordance  with  the  principle  that  the 
nature  of  each  variation  depends  on  two 
factors,  viz.,  the  nature  of  the  organism  and 
that  of  the  surrounding  conditions,  their 
variability  assuredly  would  not  have  been 
exactly  the  same.  Consequently  natural 
selection  would  have  had  different  mate- 
rials or  variations  to  work  on,  in  order  to 
arrive  at  the  same  functional  result ;  and 
the  structures  thus  acquired  would  almost 
necessarily  have  differed.  On  the  hy- 
pothesis of  separate  acts  of  creation  the 
whole  case  remains  unintelligible.  This 
line  of  argument  seems  to  have  had  great 
weight  in  leading  Fritz  Muller  to  accept 
the  views  maintained  by  me  in  this  vol- 
ume. 

290.  Another    distinguished   zoologist, 
the  late  Professor  Claparede,  has  argued 
in  the  same  manner,  and  has  arrived  at 
the  same  result.     He  shows  that  there  are 
parasitic  mites   (Acaridae),  belonging  to 
distinct  sub-families  and  families,  which 
are  furnished  with  hair-claspers.     These 
organs  must  have  been  independently  de- 
veloped, as  they  could  not  have  been  in- 
herited from  a  common  progenitor ;  and 
in  the  several  groups  they  are  formed  by 
the  modification  of  the  fore-legs, —  of  the 
hind-legs. — of  the  maxillae  or  lips, — and 
of  appendages  on  the  under  side  of  the 
hind  part  of  the  body. 

291.  In  the  foregoing  cases,  we  seethe 
same  end  gained  and  the  same  function 
performed,  in  beings  not  at  all  or  only  re- 
motely allied,  by  organs  in  appearance, 
though  not  in  development,  closely  similar. 
On  the  other  hand,  it  is  a  common  rule 
throughout    nature   that   the   same   end 
should  be  gained,  even  sometimes  in  the 
case  of  closely-related  beings,  by  the  most 
diversified  means.     How  differently  con- 
structed is  the  feathered   wing  of  a  bird 
and  the  membrane  covered  wing  of  a  bat ; 
and  still  more  so  the  four  wings  of  a  but- 
terfly, the  two  wings  of  a  fly,  and  the  two 
wings  with  the  elytra  of  a  beetle.     Bivalve 
shells  are  made  to  open  and  shut,  but  on 
what  a  number  of  patterns  is  the  hinge 
constructed, — from  the  long  row  of  neatly 
interlocking  teeth  in  a  Nucula  to  the  sim- 
ple ligament  of  a  Mussel !     Seeds  are  dis- 
seminated by  their  minuteness, — by  their 
capsule  being  converted  into  a  light  bal- 
loon-like envelope, — by  being  embedded 
in  pulp  or  flesh,  formed  of  the  most  diverse 
parts,  and  rendered  nutritious,  as  well  as 
conspicuously  colored,  so  as  to  attract  and 
be  devoured  by  birds, — by  having  hooks 
and  grapnels  of  many  kinds  and  serrated 
awns,  so  as  to  adhere  to  the  fur  of  quad- 
rupeds,— and    by  being  furnished  with 


wings  and  plumes,  as  different  in  shape  as 
they  are  elegant  in  structure,  so  as  to  be 
wafted  by  every  breeze.  I  will  give  one 
other  instance ;  for  this  subject  of  the  same 
end  being  gained  by  the  most  diversified 
means  well  deserves  attention.  Some 
authors  maintain  that  organic  beings  have 
been  formed  in  many  ways  for  the  sake  of 
mere  variety,  almost  like  toys  in  a  shop, 
but  such  a  view  of  nature  is  incredible. 
With  plants  having  separated  sexes,  and 
with  those  in  which,  though  hermaphro- 
dites, the  pollen  does  not  spontaneously 
fall  on  the  stigma,  some  aid  is  necessary 
for  their  fertilization.  With  several  kinds 
this  is  effected  by  the  pollen-grains,  which 
are  light  and  incoherent,  being  blown  by 
the  wind  through  mere  chance  on  to  the 
stigma ;  and  this  is  the  simplest  plan  which 
can  well  be  conceived.  An  almost  equally 
simple,  though  very  different,  plan  occurs 
in  many  plants  in  which  a  symmetrical 
flower  secretes  a  few  drops  of  nectar,  and 
is  consequently  visited  by  insects  ;  and 
these  carry  the  pollen  from  the  anthers  to 
the  stigma. 

292.  From  this  simple  stage  we  may 
pass  through  an  inexhaustible  number  of 
contrivances,  all  for  the  same  purpose  and 
effected  in  essentially  the  same  manner, 
but  entailing  changes  in  every  part  of  the 
flower.  The  nectar  may  be  stored  in  va- 
riously shaped  receptacles,  with  the  sta- 
mens and  pistils  modified  in  many  ways, 
sometimes  forming  trap-like  contrivances, 
and  sometimes  capable  of  neatly  adapted 
movements  through  irritability  or  elasti- 
city. From  such  structures  we  may  ad- 
vance till  we  come  to  such  a  case  of  ex- 
traordinary adaptation  as  that  lately  de- 
scribed by  Dr.  Criiger  in  the  Coryanthes. 
This  orchid  has  part  of  its  labellum  or 
lower  lip  hollowed  out  into  a  great  bucket, 
into  which  drops  of  almost  pure  water 
continually  fall  from  two  secreting  horns 
which  stand  above  it ;  and  when  the  bucket 
is  half  full,  the  water  overflows  by  a  spout 
on  one  side.  The  basal  part  of  the  label- 
lum stands  over  the  bucket,  and  is  itself 
hollowed  out  into  a  sort  of  chamber  with 
two  lateral  entrances ;  within  this  cham- 
ber there  are  curious  fleshy  ridges.  The 
most  ingenious  man,  if  he  had  not  wit- 
nessed what  takes  place,  could  never  have 
imagined  what  purpose  all  these '  parts 
serve.  But  Dr.  Criiger  saw  crowds  of 
large  humble-bees  visiting  the  gigantic 
flowers  of  this  orchid,  not  in  order  to  suck 
nectar,  but  to  gnaw  off  the  ridges  within 
the  chamber  above  the  bucket ;  in  doing 
this  they  frequently  pushed  each  other  in- 
to the  bucket,  and  their  wings  being  thus 
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wetted  they  could  not  fly  away,  but  were 
compelled  to  crawl  out  through  the  pas- 
sage formed  by  the  spout  or  overflow. 
Dr.  Criiger  saw  a  "continual  procession" 
of  bees  thus  crawling  out  of  their  invol- 
untary bath.  The  passage  is  narrow,  and 
is  roofed  over  by  the  column,  so  that  a 
bee,  in  forcing  its  way  out,  first  rubs  its 
back  against  the  viscid  stigma  and  then 
against  the  viscid  glands  of  the  pollen- 
masses.  The  pollen-masses  are  thus 
glued  to  the  back  of  the  bee  which  first 
happens  to  crawl  out  through  the  passage 
of  a  lately  expanded  flower,  and  are  thus 
carried  away.  Dr.  Criiger  sent  me  a  flower 
in  spirits  of  wine,  with  a  bee  which  he  had 
killed  before  it  had  quite  crawled  out  with 
a  pollen-mass  still  fastened  to  its  back. 
When  the  bee,  thus  provided,  flies  to 
another  flower,  or  to  the  same  flower  a 
second  time,  and  is  pushed  by  its  com- 
rades into  the  bucket  and  then  crawls  out 
by  the  passage,  the  pollen-mass  necessa- 
rily comes  first  into  contact  with  the  viscid 
stigma,  and  adheres  to  it,  and  the  flower 
is  fertilized.  Now  at  last  we  see  the  full 
use  of  every  part  of  the  flower,  of  the 
water-secreting  horns,  of  the  bucket  half 
full  of  water,  which  prevents  the  bees  from 
flying  away,  and  forces  them  to  crawl  out 
through  the  spout,  and  rub  against  the 
properly  placed  viscid  pollen-masses  and 
the  viscid  stigma. 

293.  The  construction  of  the  flower  in 
another  closely  allied  orchid,  namely  the 
Catasetum,   is   widely  different    though 
serving  the  same  end ;  and  is  equally  curi- 
ous.    Bees  visit  these  flowers,  like  those 
of  the  Coryanthes,  in  order  to  gnaw  the 
labelhim ;   in  doing  this  they  inevitably 
touch  a  long,  tapering,  sensitive  projection, 
or,  as  I  have  called  it,  the  antenna.     This 
antenna,  when  touched,  transmits  a  sen- 
sation or  vibration  to  a  certain  membrane 
which  is  instantly  ruptured  ;  this  sets  free 
a  spring  by  which  the  pollen-mass  is  shot 
forth,  like  an  arrow,  in  the  right  direction, 
and  adheres  by  its  viscid  extremity  to  the 
back  of  the  bee.     The  pollen-mass  of  the 
male  plant  (for  the  sexes  are  separate  in 
this  orchid)  is  thus  carried  to  the  flower 
of  the  female  plant,  where  it  is  brought  in- 
to contact  with  the  stigma,  which  is  viscid 
enough  to  break  certain  elastic  threads, 
and  retaining  the  pollen,  fertilization  is 
effected. 

294.  How,  it  may  be  asked,  in  the  fore- 
going and  in  innumerable  other  instances, 
can  we  understand  the  graduated  scale  of 
complexity  and  the  multifarious  means  for 
gaining  the  same  end.     The  answer  no 
doubt  is,  as  already  remarked,  that  when 


two  forms  vary,  which  already  differ  from 
each  other  in  some  slight  degree,  the  var- 
iability will  not  be  of  the  same  exact  nat- 
ure, and  consequently  the  results  obtained 
through  natural  selection  for  the  same 
general  purpose  will  not  be  the  same. 
We  should  also  bear  in  mind  that  every 
highly  developed  organism  has  passed 
through  many  changes ;  and  that  each 
modified  structure  tends  to  be  inherited, 
so  that  each  modification  will  not  readily 
be  quite  lost,  but  may  be  again  and  again 
further  altered.  Hence  the  structure  of 
each  part  of  each  species,  for  whatever 
purpose  it  may  serve,  is  the  sum  of  many 
inherited  changes,  through  which  the 
species  has  passed  during  its  successive 
adaptations  to  changed  habits  and  condi- 
tions of  life. 

295.  Finally   then,  although   in   many 
cases  it  is  most  difficult  even  to  conjecture 
by  what  transitions  organs  have  arrived  at 
their  present  state  ;  yet,  considering  how 
small  the  proportion  of  living  and  known 
forms  is  to  the  extinct  and  unknown,  I 
have  been  astonished  how  rarely  an  or- 
gan  can   be   named,    toward   which   no 
transitional  grade  is  known  to  lead.     It 
certainly  is  true,  that  new  organs  appear- 
ing as  if  created  for  some  special  purpose, 
rarely  or  never  appear  in  any  being ;  as 
indeed  is  shown  by  that  old,  but  some- 
what exaggerated,  canon  in  natural  his- 
tory of  "  Natura  non  facit  saltum."     We 
meet  with  this  admission  in  the  writings 
of  almost  every  experienced  naturalist ;  or 
as  Milne  Edwards  has  well  expressed  it. 
Nature  is  prodigal  in  variety,  but  niggard 
in   innovation.     Why,  on  the   theory  of 
Creation,  should  there  be  so  much  variety 
and  so  little  real  novelty  ?    Why  should 
all  the  parts  and  organs  of  many  inde- 
pendent  beings,  each  supposed  to  have 
been  separately  created  for  its  proper  place 
in  nature,  be  so  commonly  linked  together 
by   graduated   steps?    Why  should  not 
Nature  take  a  sudden  leap  from  structure 
to  structure?     On  the  theory  of  natural 
selection,  we  can  clearly  understand  why 
she  should  not ;  for  natural  selection  acts 
only  by  taking  advantage  of  slight  succes- 
sive variations ;  she  can  never  take  a  great 
and  sudden  leap,  but  must  advance  by 
short  and  sure,  though  slow  steps. 

Organs  of  little  apparent  Importance,  as 
affected  by  Natural  Selection. 

296.  As  natural  selection  acts  by  life 
and  death, — by  the  survival  of  the  fittest 
and  by  the  destruction  of  the  less  well-fit- 
ted individuals,— I  have  sometimes   felt 
great  difficulty  in  understanding  the  origin 
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or  formation  of  parts  of  little  importance  ; 
almost  as  great,  though  of  a  very  differ- 
ent kind,  as  in  the  case  of  the  most  perfect 
and  complex  organs. 

297.  In  the  first  place,  we  are  much  too 
ignorant  in  regard  to  the  whole  economy 
of  any  one  organic   being,  to   say  what 
slight  modifications  would   be  of  impor- 
tance or  not.     In  a  former  chapter  I  have 
given  instances  of  very  trifling  characters, 
such  as  the  down  on  fruit  and  the  color 
of  its  flesh,  the  color  of  the  skin  and  hair 
of  quadrupeds,  which,  from  being  corre- 
lated with  constitutional   differences   or 
from  determining  the  attacks  of  insects, 
might  assuredly  be  acted  on  by  natural 
selection.    The  tail  of  the  giraffe  looks 
like  an  artificially  constructed  fly-flapper  ; 
and  it  seems  at  first  incredible  that  this 
could  have  been  adapted  for  its  present 
purpose  by  successive  slight  modifications, 
each  better  and  better  fitted,  for  so  tri- 
fling an  object  as  to  drive  away  flies  ;  yet 
we  should  pause  before  being  too  positive 
even  in  this  case,  for  we  know  that  the 
distribution   and  existence  of  cattle  and 
other  animals  in  South  America  absolutely 
depend  on  their  power  of  resisting  the 
attacks    of   insects :  so   that   individuals 
which  could  by  any  means  defend  them- 
selves 'rom  these  small  enemies,  would 
be  able  to  range  into  new  pastures  and 
thus   gam  a  great  advantage.     It  is  not 
that  the  larger  quadrupeds   are  actually 
destroyed  (except  in  some  rare  cases)  by 
flies,   but   they  are  incessantly  harassed 
and  their  strength  reduced,  so  that  they 
are  more  subject  to  disease,  or  not  so 
well  enabled  in  a  coming  dearth  to  search 
for  food,   or  to  escape  from  beasts  of 
prey. 

298.  Organs  now  of  trifling  importance 
have  probably  in  some  cases  been  of  high 
importance   to  an  early  progenitor,  and, 
after  having  been  slowly  perfected  at  a 
former  period,  have  been  transmitted  to 
existing  species  in  nearly  the  same  state, 
although  now  of  very  slight  use  ;  but  any 
actually  injurious  deviations  in  their  struct- 
ure would  of  course  have  been  checked 
by  natural  selection.     Seeing  how  im- 
portant an  organ  of  locomotion  the  tail 
is  in  most  aquatic   animals,  its  general 
presence  and  use  for  many  purposes  in 
so  many  land   animals,  which   in   their 
lungs  or  modified   swimbladders  betray 
their  aquatic  origin,  may  perhaps  be  thus 
accounted    for.     A    well-developed    tail 
having  been  formed  in  an  aquatic  animal, 
it  might  subsequently  come  to  be  worked 


in  for  all  sorts  of  purposes, — as  a  fly-flap- 
per, an  organ  of  prehension,  or  as  an  aid 


in   turning,  as   in  the  case  of  the  d 
though  the  aid  in  this  latter  respect  must 
be  slight,  for  the  hare,  with  hardly  any 
tail,  can  double  still  more  quickly. 

299.  In  the  second  place,  we  may  easily 
err  in  attributing  importance  to  characters, 
and  in  believing  that  they  have  been  de- 
veloped  through  natural  selection.     We 
must  by  no  means  overlook   the  effects 
of  the  definite  action  of  changed  condi- 
tions of  life, — of  so-called  spontaneous 
variations,  which   seem   to  depend  in  a 
quite  subordinate  degree  on  the  nature 
of  the  conditions, — of  the  tendency  to  re- 
version  to   long-lost  characters, — of  the 
complex  laws  of  growth,  such  as  of  cor- 
relation, compensation,  of  the  pressure 
of  one  part  on  another,  etc., — and  finally 
of  sexual  selection,  by  which  characters 
of  use  to  one  sex  are   often  gained   and 
then  transmitted  more  or  less  perfectly 
to  the  other  sex,  though  of  no  use  to  this 
sex.   But  structures  thus  indirectly  gained, 
although   at   first   of  no  advantage  to  a 
species,  may  subsequently  have  been  taken 
advantage  of  by  its  modified  descendants, 
under  new  conditions  of  life  and  newly 
acquired  habits. 

300.  If  green  woodpeckers  alone  had 
existed,  and  we  did  not  know  ,that  there 
were  many  black  and  pied  kinds,  I  dare 
say  that  we  should  have  thought  that  the 
green  color  was  a  beautiful  adaptation  to 
conceal   this   tree-frequenting  bird  from 
its  enemies  ;  and  consequently  that  it  was 
a  character  of  importance,  and  had  been 
acquired  through  natural  selection ;  as  it 
is,  the  color  is  probably  in  chief  part  due 
to   sexual  selection.     A  trailing  palm  in 
the  Malay  Archipelago  climbs  the  loftiest 
trees  by  the  aid  of  exquisitely  constructed 
hooks  clustered  around  the  ends  of  the 
branches,  and  this  contrivance,  no  doubt, 
is  of  the  highest  service  to  the  plant ;  but 
as  we  see  nearly  similar  hooks  on  many 
trees  which  are  not  climbers,  and  which, 
as  there  is   reason  to  believe   from   the 
distribution  of  the  thorn-bearing  species 
in  Africa  and  South  America,  serve  as  a 
defense  against  browsing  quadrupeds,  so 
the  spikes  on  the  palm  may  at  first  have 
been  developed  for  this  object,  and  sub- 
sequently have  been  improved  and  taken 
advantage  of  by  the  plant,  as  it  under- 
went further  modification  and  became  a 
climber.     The  naked  skin  on  the  head  ot 
a  vulture  is  generally  considered  as  a  di- 
rect adaptation  for  wallowing  in  putrid- 
ity ;  and  so  it  may  be,  or  it  may  possibly 
be  due  to  the  direct  action  of  putrid  mat- 
ter; but  we  should  be  very  cautious  in 

i  drawing  any  such  inference,  when  \ve  «?**• 
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lnai  thi.  skin  on  the  head  of  the  clean- 
feeding  male  Turkey  is  likewise  naked. 
The  sutures  in  the  skulls  of  young  mam- 
mals have  been  advanced  as  a  beautiful 
adaptation  for  aiding  parturition,  and  no 
doubt  they  facilitate,  or  may  be  indispens- 
able for  this  act ;  but  as  sutures  occur  in 
the  skulls  of  young  birds  and  reptiles, 
\vhich  have  only  to  escape  from  a  broken 
egg,  we  may  infer  that  this  structure  has 
arisen  from  the  laws  of  growth,  and  has 
been  taken  advantage  of  in  the  parturition 
of  the  higher  animals. 

301.  We  are  profoundly  ignorant  of 
the  cause  of  each  slight  variation  or  in- 
dividual difference ;  and  we  are  immedi- 
ately made  conscious  of  this  by  reflecting 
on  the  differences  between  the  breeds  of 
our  domesticated  animals  in  different 
countries, — more  especially  in  the  less 
civilized  countries  where  there  has  been 
but  little  methodical  selection.  Animals 
kept  by  savages  in  different  countries 
often  have  to  struggle  for  their  own  sub- 
sistence, and  are  exposed  to  a  certain 
extent  to  natural  selection,  and  individuals 
with  slightly  different  constitutions  would 
succeed  best  under  different  climates. 
\Vith  cattle  susceptibility  to  the  attacks 
of  flies  is  correlated  with  color,  as  is  the 
liability  to  be  poisoned,  by  certain  plants ; 
so  that  even  color  would  be  thus  subject- 
ed to  the  action  of  natural  selection. 
Some  observers  are  convinced  that  a 
damp  climate  affects  the  growth  of  the 
hair,  and  that  with  the  hair  the  horns  are 
correlated.  Mountain  breeds  always  dif- 
fer from  lowland  breeds  ;  and  a  mountain- 
ous country  would  probably  affect  the 
hind  limbs  from  exercising  them  more, 
and  possibly  even  the  form  of  the  pelvis  ; 
and  then  by  the  law  of  homologous  varia- 
tion, the  front  limbs  and  the  head  would 
probably  be  affected.  The  shape,  also, 
of  the  pelvis  might  affect  by  pressure  the 
shape  of  certain  parts  of  the  young  in  the 
womb.  The  laborious  breathing  neces- 
sary in  high  regions  tends,  as  we  have 
good  reason  to  believe,  to  increase  the 
.-  ize  of  the  chest ;  and  again  correlation 
would  come  into  play.  The  effects  of 
lessened  exercise  together  with  abundant 
food  on  the  whole  organization  is  proba- 
bly still  more  important ;  and  this,  as  H. 
von  Nathusius  has  lately  shown  in  his 
excellent  Treatise,  is  apparently  one  chief 
cause  of  the  great  modification  which  the 
breeds  of  swine  have  undergone.  But 
we  are  far  too  ignorant  to  speculate  on 
the  relative  importance  of  the  several 
known  and  unknown  causes  of  variation ; 
and  I  have  made  these  remarks  only  to 
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show  that,  if  we  are  unable  to  account 
for  the  characteristic  differences  of  our 
several  domestic  breeds,  which  neverthe- 
less are  generally  admitted  to  have  arisen 
through  ordinary  generation  from  one  or 
a  few  parent-stocks,  we  ought  not  to  lay 
too  much  stress  on  our  ignorance  of  the 
precise  cause  of  the  slight  analogous  dif- 
ferences between  true  species. 

Utilitarian   Doctrine,   how  far  true : 
Beauty,  how  acquired. 

302.  The  foregoing  remarks  lead  me 
to  say  a  few  words  on  the  protest  lately 
made  by  some  naturalists,  against  the 
utilitarian  doctrine  that  ever)'  detail  of 
structure  has  been  produced  for  the  good 
of  its  possessor.  They  believe  that  many 
structures  have  been  created  for  the  sake 
of  beauty,  to  delight  man  or  the  Creator 
(but  this  latter  point  is  beyond  the  scope 
of  scientific  discussion),  or  for  the  sake 
of  mere  variety,  a  view  already  discussed. 
Such  doctrines,  if  true,  would  be  abso- 
lutely fatal  to  my  theory.  I  fully  admit 
that  many  structures  are  now  of  no  direct 
use  to  their  possessors,  and  may  never 
have  been  of  any  use  to  their  progenitors ; 
but  this  does  not  prove  that  they  were 
formed  solely  for  beauty  or  variety.  No 
doubt  the  definite  action  of  changed  con- 
ditions, and  the  various  causes  of  modifi- 
cations, lately  specified,  have  all  produced 
an  effect,  probably  a  great  effect,  inde- 
pendently of  any  advantage  thus  gained. 
But  a  still  more  important  consideration 
is  that  the  chief  part  of  the  organization 
of  every  living  creature  is  due  to  inherit- 
ance ;  and  consequently,  though  each 
being  assuredly  is  well  fitted  for  its  place 
in  nature,  many  structures  have  now  no 
very  close  and  direct  relation  to  present 
habits  of  life.  Thus,  we  can  hardly  be- 
lieve that  the  webbed  feet  of  the  upland 
goose  or  of  the  frigate-bird  are  of  special 
use  to  these  birds ;  we  cannot  believe  that 
the  similar  bones  in  the  arm  of  the  mon- 
key, in  the  fore-leg  of  the  horse,  in  the 
wing  of  the  bat,  and  in  the  flipper  of  the 
seal,  are  of  special  use  to  these  animals. 
We  may  safely  attribute  these  structures 
to  inheritance.  But  webbed  feet  no 
doubt  were  as  useful  to  the  progenitor  of 
the  upland  goose  and  of  the  frigate-bird, 
as  they  now  are  to  the  most  aquatic  of  liv- 
ing birds.  So  we  may  believe  that  the  pro- 
genitor of  the  seal  did  not  possess  a  flip- 
per, but  a  foot  with  five  toes  fitted  for 
walking  or  grasping ;  and  we  may  further 
venture  to  believe  that  the  several  bones 
in  the  limbs  of  the  monkey,  horse,  and 
bat,  were  originally  developed,  on  the 
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principle  of  utility,  probably  through  the 
reduction  of  more  numerous  bones  in  the 
fin  of  some  ancient  fish-like  progenitor  of 
the  whole  class.  It  is  scarcely  possible 
to  decide  how  much  allowance  ought  to 
be  made  for  such  causes  of  change,  as 
the  definite  action  of  external  conditions, 
so-called  spontaneous  variations,  and  the 
complex  laws  of  growth ;  but  with  these 
important  exceptions,  we  may  conclude 
that  the  structure  of  every  living  creature 
either  now  is,  or  was  formerly,  of  some 
direct  or  indirect  use  to  its  possessor. 

303.  With  respect  to  the  belief  that 
organic  beings  have  been  created  beauti- 
ful for  the  delight  of  man, — a  belief  which 
it  has  been  pronounced  is  subversive  of 
my  whole  theory, — I  may  first  remark 
that  the  sense  of  beauty  obviously  depends 
on  the  nature  of  the  mind,  irrespective  of 
any  real  quality  in  the  admired  object ; 
and  that  the  idea  of  what  is  beautiful,  is 
not  innate  or  unalterable.  We  see  this, 
for  instance,  in  the  men  of  different  races 
admiring  an  entirely  different  standard  of 
beauty  in  their  women.  If  beautiful  ob- 
jects had  been  created  solely  for  man's 
gratification,  it  ought  to  be  shown  that 
before  man  appeared,  there  was  less 
beauty  on  the  face  of  the  earth  than  since 
he  came  on  the  stage.  Were  the  beauti- 
ful volute  and  cone  shells  of  the  Eocene 
epoch,  and  the  gracefully  sculptured  am- 
monites of  the  Secondary  period,  created 
that  man  might  ages  afterward  admire 
them  in  his  cabinet  ?  Few  objects  are  more 
beautiful  than  the  minute  siliceous  cases 
of  the  diatomaceae :  were  these  created 
that  they  might  be  examined  and  admired 
under  the  higher  powers  of  the  micro- 
scope? The  beauty  in  this  latter  case, 
and  in  many  others,  is  apparently  wholly 
due  to  symmetry  of  growth.  Flowers 
rank  among  the  most  beautiful  produc- 
tions of  nature  ;  but  they  have  been  rend- 
ered conspicuous  in  contrast  with  the 
green  leaves,  and  in  consequence  at  the 
same  time  more  beautiful,  so  that  they 
may  be  easily  observed  by  insects.  I 
have  come  to  this  conclusion  from  finding 
it  an  invariable  rule  that  when  a  flower 
is  fertilized  by  the  wind  it  never  has  a 
gayly-colored  corolla.  Several  plants 
habitually  produce  two  kinds  of  flowers  ; 
one  kind  open  and  colored  so  as  to  at- 
tract insects ;  the  other  closed,  not  color- 
ed, destitute  of  nectar,  and  never  visited 
i>y  insects.  Hence  we  may  conclude  that 
if  insects  had  not  been  developed  on  the 
face  of  the  earth,  our  plants  would  not 
have  been  decked  with  beautiful  flowers, 
but  would  have  produced  only  such  poor 


90 


flowers  as  we  see  on  our  fir,  oak,  .,ut  and 
ash  trees,  on  grasses,  spinach,  docks,  and 
nettles,  which  are  all  fertilized  through 
the  agency  of  the  wind.  A  similar  line 
of  argument  holds  good  with  fruits ;  that 
a  ripe  strawberry  or  cherry  is  as  pleasing 
to  the  eye  as  to  the  palate, — that  the  gayly- 
colored  fruit  of  the  spindle-wood  tree  and 
the  scarlet  berries  of  the  holly  are  beauti- 
ful objects,— will  be  admitted  by  every 
one.  But  this  beauty  serves  merely  as  a 
guide  to  birds  and  beasts,  in  order  that 
the  fruit  may  be  devoured  and  the  ma- 
nured seeds  disseminated  :  I  infer  that 
this  is  the  case  from  Raving  as  yet  found 
no  exception  to  the  rule  that  seeds  are 
always  thas  disseminated  when  embedded 
within  a  fruit  of  any  kind  (that  is  within 
a  fleshy  or  pulpy  envelope),  if  it  be  color- 
ed of  any  brilliant  tint,  or  rendered  con- 
spicuous by  being  white  or  black. 

304.  On  the  other  hand,  I  willingly  ad- 
mit that  a  great  number  of  male  animals, 
as   all  our   most   gorgeous   birds,  some 
fishes,  reptiles,  and  mammals,  and  a  host 
of  magnificently  colored  butterflies,  have 
been  rendered  beautiful  for  beauty's  sake  ; 
but  this  has  been  effected  through  sexual 
selection,  that  is,  by  the  more  beautiful 
males  having  been  continually  preferred 
by  the  females,  and  not  for  the  delight  of 
man.     So  it  is  with  the  music  of  birds. 
We  may  infer  from  all  this  that  a  nearly 
similar  taste  for  beautiful  colors  and  for 
musical  sounds  runs  through  a  large  part 
of  the  animal  kingdom.     When  the  fe- 
male is  as  beautifully  colored  as  the  male, 
which  is  not  rarely  the  case  with  birds 
and  butterflies,  the  cause  apparently  lies 
in  the  colors  acquired  through  sexual  se- 
lection having  been  transmitted  to  both 
sexes,   instead   of    to   the   males    alone. 
How  the  sense  of  beauty  in  its  simplest 
form — that  is,  the  reception  of  a  peculiar 
kind   of    pleasure    from    certain    colors, 
forms,  and  sounds — was  first  developed 
in  the  mind  of  man  and  of  the  lower  ani- 
mals,  is   a  very  obscure   subject.     The 
same  sort  of  difficulty  is  presented,  if  we 
inquire  how  it  is  that  certain  flavors  and 
odors  give  pleasure,  and  others  displeas- 
ure.    Habit  in  all  these  cases  appears  to 
have  come  to  a  certain  extent  into  play ; 
but   there   must   be    some   fundamental 
cause  in  the  constitution  of  the  nervous 
system  in  each  species. 

305.  Natural  selection  cannot  possibly 
produce  any  modification  in  a  species  ex- 
clusively for  the  good  of  another  species  ; 
though   throughout  nature    one   species 
incessantly  takes  advantage  of,  and  prof- 


ORIGIN  OF  SPECIES. 


181 


its  by,  the  structures  of  others.  But  nat- 
ural selection  can  and  does  often  produce 
structures  for  the  direct  injury  of  other 
animals,  as  we  see  in  the  fang  of  the  ad- 
der, and  in  the  ovipositor  of  the  ichneu- 
mon, by  which  its  eggs  are  deposited  in 
the  living  bodies  of  other  insects.  If  it 
could  be  proved  that  any  part  of  the 
structure  of  any  one  species  had  been 
formed  for  the  exclusive  good  of  another 
species,  it  would  annihilate  my  theory, 
for  such  could  not  have  been  produced 
through  natural  selection.  Although 
many  statements  may  be  found  in  works 
on  natural  history  to  this  effect,  I  cannot 
find  even  one  which  seems  to  me  of  any 
weight.  It  is  admitted  that  the  rattle- 
snake has  a  poison-fang  for  its  own  de- 
fense, and  for  the  destruction  of  its  prey ; 
but  some  authors  suppose  that  at  the 
same  time  it  is  furnished  with  a  rattle  for 
its  own  injury,  namely,  to  warn  its  prey. 
I  would  almost  as  soon  believe  that  the 
cat  curls  the  end  of  its  tail  when  prepar- 
ing to  spring,  in  order  to  warn  the 
doomed  mouse.  It  is  a  much  more 
probable  view  that  the  rattlesnake  uses 
its  rattle,  the  cobra  expands  its  frill,  and 
the  puff-adder  swells  while  hissing  so 
loudly  and  harshly,  in  order  to  alarm  the 
many  birds  and  beasts  which  are  known 
to  attack  even  the  most  venomous  spe- 
cies. Snakes  act  on  the  same  principle 
which  makes  the  hen  ruffle  her  feathers 
and  expand  her  wings  when  a  dog  ap- 
proaches her  chickens ;  but  I  have  not 
space  here  to  enlarge  on  the  many  ways 
by  which  animals  endeavor  to  frighten 
away  their  enemies. 

306.  Natural  selection  will  never  pro- 
duce in  a  being  any  structure  more  in- 
jurious than  beneficial  to  that  being,  for 
natural  selection  acts  solely  by  and  for 
the   good   of  each.     No   organ   will   be 
formed,  as  Paley  has  remarked,  for  the 
purpose  of  causing  pain  or  for  doing  an 
injury  to  its  possessor.     If  a  fair  balance 
be    struck  between   the  good    and   evil 
caused  by  each  part,  each  will  be  found 
on  the  whole   advantageous.     After  the 
lapse  of  time,  under  changing  conditions 
of  life,  if  any  part  comes  to  be  injurious, 
it  will  be  modified  ;  or  if  it  be  not  so,  the 
being  will   become  extinct  as    myriads 
have  become  extinct. 

307.  Natural   selection   tends  only  to 
make  each  organic  being  as  perfect  as, 
or  slightly  more  perfect  than,  the  other 
inhabitants   of    the   same    country  with 
which  it  comes  into  competition.    And 
we  see  that  this  is  the  standard  of  perfec- 
tion   attained    under    nature.     The    en- 


demic productions  of  New  Zealand,  for 
instance,  are  perfect  one  compared  with 
another ;  but  they  are  now  rapidly  yield- 
ing before  the  advancing  legions  of  plants 
and  animals  introduced  from  Europe. 
Natural  selection  will  not  produce  abso- 
lute perfection,  nor  do  we  always  meet, 
as  far  as  we  can  judge,  with  this  high 
standard  under  nature.  The  correction 
for  the  aberration  of  light  is  said  by  Miil- 
ler  not  to  be  perfect  even  in  that  most 
perfect  organ,  the  human  eye.  Helm- 
holtz,  whose  judgment  no  one  will  dis- 
pute, after  describing  in  the  strongest 
terms  the  wonderful  powers  of  the  hu- 
man eye,  adds  these  remarkable  words  : 
"  That  which  we  have  discovered  in  the 
way  of  inexactness  and  imperfection  in 
the  optical  machine  and  in  the  image  on 
the  retina,  is  as  nothing  in  comparison 
with  the  incongruities  which  we  have 
just  come  across  in  the  domain  of  the 
sensations.  One  might  say  that  nature 
has  taken  delight  in  accumulating  contra- 
dictions in  order  to  remove  all  founda- 
tion from  the  theory  of  a  pre-existing  har- 
mony between  the  external  and  the  in- 
ternal worlds."  If  our  reason  leads  us 
to  admire  with  enthusiasm  a  multitude 
of  inimitable  contrivances  in  nature,  this 
same  reason  tells  us,  though  we  may 
easily  err  on  both  sides,  that  some  other 
contrivances  are  less  perfect.  Can  we 
consider  the  sting  of  the  bee  as  perfect, 
which,  when  used  against  many  kinds  of 
enemies,  cannot  be  withdrawn,  owing  to 
the  backward  serratures,  and  thus  inevi- 
tably causes  the  death  of  the  insect  by 
tearing  out  its  viscera  ? 

308.  If  we  look  at  the  sting  of  the  bee, 
as  having  existed  in  a  remote  progenitor 
as  a  boring  and  serrated  instrument,  like 
that  in  so  many  members  of  the  same 
great  order,  and  that  it  has  since  been 
modified  but  not  perfected  for  its  present 
purpose,  with  the  poison  originally  adapt- 
ed for  some  other  object,  such  as  to  pro- 
duce galls,  since  intensified,  we  can  per- 
haps understand  how  it  is  that  the  use 
of  the  sting  should  so  often  cause  the  in- 
sect's own  death  ;  for  if  on  the  whole 
the  power  of  stinging  be  useful  to  the  so- 
cial community,  it  will  fulfil  all  the  re- 
quirements of  natural  selection,  though 
it  may  cause  the  death  of  some  few  mem- 
bers. If  we  admire  the  truly  wonderful 
power  of  scent  by  which  the  males  of 


many 


insects  find  their  females,  can  we 
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admire  the  production  for  this  single  pur- 
pose of  thousands  of  drones,  which  are 
utterly  useless  to  the  community  for  any 
other  purpose,  and  which  are  ultimately 
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slaughtered  by  their  industrious  and  ster- 
ile sisters  ?  It  may  be  difficult,  but  we 
ought  to  admire  the  savage  instinctive 
hatred  of  the  queen-bee,  which  urges  her 
to  destroy  the  young  queens,  her  daugh- 
ters, as  soon  as  they  are  born,  or  to  per- 
ish herself  in  the  combat;  for  undoubt- 
edly this  is  for  the  good  of  the  commu- 
nity ;  and  maternal  love  or  maternal 
hatred,  though  the  latter  fortunately  is 
most  rare,  is  all  the  same  to  the  inexora- 
ble principle  of  natural  selection.  If  we 
admire  the  several  ingenious  contrivances, 
by  which  orchids  and  many  other  plants 
are  fertilized  through  insect  agency,  can 
we  consider  as  equally  perfect  the  elabo- 
ration of  dense  clouds  of  pollen  by  our 
fir-trees,  so  that  a  few  granules  may  be 
wafted  by  chance  on  to  the  ovules  ? 

Summary:  the  Law  of  Unity  of  Type 
and  of  the  Conditions  of  Existence  em- 
braced by  the  Theory  of  Natural  Se- 
lection. 

309.  We  have  in  this  chapter  discussed 
some  of  the  difficulties   and  objections 
which  may  be  urged  against  the  theory. 
Many  of  them  are  serious;  but  I  think 
that  in    the   discussion   light  has    been 
thrown  on  several  facts,  which  on  the  be- 
lief of  independent  acts  of  creation  are 
utterly  obscure.     We  have  seen  that  spe- 
cies at  any  one  period  are  not  indefinitely 
variable,  and  are  not  linked  together  by 
a  multitude  of  intermediate  gradations, 
partly  because  the  process  of  natural  se- 
lection is  always  very  slow   and  at  any 
one  time  acts  only  on  a  few  forms  ;  and 
partly  because  the  very  process  of  nat- 
ural selection  implies  the  continual  sup- 
planting and  extinction  of  preceding  and 
intermediate   gradations.     Closely   allied 
species,  now  living  on  a  continuous  area, 
must  often  have  been  formed  when  the 
area  was  not  continuous,  and  when  the 
conditions  of  life  did  not  insensibly  grad- 
uate  away  from    one   part   to   another. 
When  two  varieties  are  formed   in  two 
districts  of  a  continuous  area,  an  inter- 
mediate variety  will  often  be  formed,  fit- 
ted for  an  intermediate  zone ;  but  from 
reasons  assigned,  the  intermediate  varie- 
ty will   usually  exist   in   lesser  numbers 
than  the  two  forms  which  it  connects ; 
consequently  the  two  latter,  during  the 
course  _of  further  modification,  from  ex- 
isting in  greater   numbers,  will   have   a 
great  advantage  over  the  less  numerous 
intermediate  variety,  and  will  thus  gen- 
erally succeed  in  supplanting  and  exter- 
minating it. 

310.  We  have  seen  in  this  chapter  how 


cautious  we  should  be  in  concluding  that 
the  most  different  habits  of  life  could  not 
graduate  into  each  other  ;  that  a  bat,  tor 
instance,  could  not  have  been  formed  by 
natural  selection  from  an  animal  which 
at  first  only  glided  through  the  air. 

311.  We  have  seen  that  a  species  un- 
der new  conditions  of  life  may  change  its 
habits  ;  or  it  may  have  diversified  habits, 
with  some  very  unlike  those  of  its  near- 
est congeners.      Hence  we   can  under- 
stand, bearing  in  mind  that  each  organic 
being  is  trying  to  live  wherever  it    can 
live,  how  it  has  arisen  that  there  are  up- 
land   geese  with  webbed    feet,    ground 
woodpeckers,  diving  thrushes,  and  petrels 
with  the  habits  of  auks. 

312.  Although  the  belief  that  an  organ 
so  perfect  as  the  eye  could    have    been 
formed  by  natural  selection,  is  enough  to 
stagger  any  one ;  yet  in  the  case  of  any 
organ,  if  we  know  of  a  long  series  of  gra- 
dations in  complexity,  each  good  for  its 
possessor,  then,  under    changing   condi- 
tions of  life,  there  is  no  logical  impossi- 
bility in  the  acquirement  of  any  conceiv- 
able degree  of  perfection  through  natural 
selection.      In   the   cases    in  which   we 
know  of  no  intermediate  or  transitional 
states,  we  should  be  extremely  cautious 
in  concluding  that  none  can  have  existed, 
for  the  metamorphosis  of   many  organs 
show  what  wonderful  changes  in  function 
are   at  least  possible.     For   instance,  a 
swimbladder   has    apparently  been  con- 
verted into  an  air-breathing  lung.     The 
same  organ  having  performed    simulta- 
neously   very    different    functions,    and 
then  having   been   m   j>art   or  in  whole 
specialized  for  one  function ;  and  two  dis- 
tinct  organs   having  performed   at    the 
same  time  the   same   function,  the   one 
having  been  perfected  while  aided  by  the 
other,  must  often  have  largely  facilitated 
transitions. 

313.  We  have  seen  that  in  two  beings 
widely  remote    from    each  other  in  tnc 
natural  scale,  organs  serving  for  the  same 
purpose     and     in    external    appearance 
closely  similar  may  have  been  separately 
and    independently   formed ;    but    when 
such  organs  are  closely  examined,  essen- 
tial differences  in  their  structure  can  al- 
most always  be  detected  ;  and  this  natur- 
ally follows  from  the  principle  of  natural 
selection.     On  the  other  hand,  the  com- 
mon rule  throughout  nature  is  infinite  di- 
versity of  structure  for  gaining  the  same 
end;    and   this   again    naturally  follows 
from  the  same  great  principle. 

314.  In  many  cases  we  are  far  too  igno- 
rant to  be  enabled  to  assert  that  a  part 
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or  organ  is  so  unimportant  for  the  wel- 
fare of  a  species,  that  modifications  in  its 
structure  could  not  have  been  slowly  ac- 
rumulated  by  means  of  natural  selection. 
In  many  other  cases,  modifications  are 
probably  the  direct  result  of  the  laws  of 
variation  or  of  growth,  independently  of 
any  good  having  been  thus  gained.  But 
even  such  structures  have  often,  as  we 
may  feel  assured,  been  subsequently 
taken  advantage  of,  and  still  further 
modified,  for  the  good  of  species  under 
new  conditions  of  life.  We  may,  also, 
believe  that  a  part  formerly  of  high  im- 
portance has  frequently  been  attained  (as 
the  tail  of  an  aquatic  animal  by  its  terres- 
trial descendance),  though  it  has  become 
of  such  small  importance  that  it  could 
not,  in  its  present  state,  have  been  ac- 
quired by  means  of  natural  selection. 

315.  Natural    selection    can    produce 
nothing  in  one  species  for  the  exclusive 
good  or  injury  of  another ;  though  it  may 
well  produce   parts,  organs,  and   excre- 
tions highly  useful  or  even  indispensable, 
or  again  highly  injurious  to  another  spe- 
cies, but   in   all  cases  at  the  same  time 
useful  to   the   possessor.     In  each  well- 
stocked   country   natural   selection    acts 
through  the  competition  of  the  inhabit- 
ants, and  consequently  leads  to  success 
in  the  battle  for  life,  only  in  accordance 
with  the  standard  of  that  particular  coun- 
try.    Hence  the  inhabitants  of  one  coun- 
try, generally  the  smaller  one,  often  yield 
to  the  inhabitants  of  another  and  gener- 
ally the  larger  country.     For  in  the  larg- 
er country  there  will  have  existed  more 
individuals  and  more    diversified  forms, 
and  the  competition  will  have  been  se- 
verer, and  thus  the  standard  of  perfection 
will  have  been  rendered  higher.    Natural 
selection  will  not  necessarily  lead  to  ab- 
solute perfection ;  nor,  as  far  as  we  can 
judge  by  our  limited  faculties,  can  abso- 
lute perfection  be  everywhere  predicated. 

316.  On  the  theory  of  natural  selection 
we  can  clearly  understand  the  full  mean- 
ing of  that  old  canon  in  natural  history, 
"  Natura  non  facit  saltum."     This  canon, 
if  we   look  to   the   present    inhabitants 
alone  of  the  world,  is  not  strictly  correct ; 
but  if  we  include  all  those  of  past  times, 
whether  known  or  unknown,  it  must  on 
this  theory  be  strictly  true. 

317.  It  is  generally  acknowledged  that 
all  organic  beings  have  been  formed  on 
two  great  laws — Unity  of  Type,  and  the 
Conditions   of  Existence.     By   unity   of 
type  is  meant  that    fundamental   agree- 
ment in  structure  which  we  see  in  or- 


is  quite  independent  of  their  habits  of  life. 
On  my  theory,  unity  of  type  is  explained 
by  unity  of  descent.  The  expression  of 
conditions  of  existence,  so  often  insisted 
on  by  the  illustrious  Cuvier,  is  fully  em- 
braced by  the  principle  of  natural  selec- 
tion. For  natural  selection  acts  by  either 
now  adapting  the  varying  parts  of  each 
being  to  its  organic  and  inorganic  condi- 
tions of  life  ;  or  by  having  adapted  them 
during  past  periods  of  time  :  the  adapta- 
tions being  aided  in  many  cases  by  the 
increased  use  or  disuse  of  parts,  being 
affected  by  the  direct  action  of  the  exter- 
nal conditions  of  life,  and  subjected  in  all 
cases  to  the  several  laws  of  growth  and 
variation.  Hence,  in  fact,  the  law  of  the 
Conditions  of  Existence  is  the  higher  law ; 
as  it  includes,  through  the  inheritance  of 
former  variations  and  adaptations,  that 
of  Unity  of  Type. 


CHAPTER  VII. 

MISCELLANEOUS    OBJECTIONS  TO    THE 
THEORY  OF   NATURAL  SELECTION. 


Longevity— Modifications  not  necessarily  simul- 
taneous— Modifications  apparently  of  no  di- 
rect service— Progressive  development— Char- 
acters of  small  functional  importance,  the 
most  constant — Supposed  incompetence  of  nat- 
ural selection  to  account  for  the  incipient  stages 
of  useful  structures— Causes  which  interfere 
with  the  acquisition  through  natural  selection 
of  useful  structures— Gradations  of  structure 
with  changed  functions— Widely  different  or- 
gans in  members  of  the  same  class,  developed 
from  one  and  the  same  source — Reasons  for 
disbelieving  in  great  and  abrupt  modifications. 

318.  I  WILL  devote  this  chapter  to  the 
consideration  of  various  miscellaneous 
objections  which  have  been  advanced 
against  my  views,  as  some  of  the  previous 
discussions  may  thus  be  made  clearer ; 
but  it  would  be  useless  to  discuss  all  of 
them,  as  many  have  been  made  by  writ- 
ers who  have  not  taken  the  trouble  to  un- 
derstand the  subject.  Thus  a  distin- 
guished German  naturalist  has  asserted 
that  the  weakest  part  of  my  theory  is, 
that  I  consider  all  organic  beings  as  im- 
perfect :  what  I  have  really  said  is,  that 
all  are  not  as  perfect  as  they  might  have 
been  in  relation  to  their  conditions ;  and 
this  is  shown  to  be  the  case  by  so  many 
native  forms  in  many  quarters  of  the 
world  having  yielded  their  places  to  in- 
truding foreigners.  Nor  can  organic  be- 
ings, even  if  they  were  at  any  one  time  per- 
fectly adapted  to  their  conditions  of  life, 
have  remained  so,  when  their  conditions 
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changed;  and  no  one  will  dispute  that 
the  physical  conditions  of  each  country, 
as  well  as  the  numbers  and  kinds  of  its 
inhabitants,  have  undergone  many  muta- 
tions. 

319.  A  critic    has  lately  insisted,  with 
some  parade  of  mathematical  accuracy, 
that  longevity  is  a  great  advantage  to  all 
species,  so  that  he  who  believes  in  nat- 
ural selection  "  must  arrange  his  genea- 
logical tree  "  in  such  a  manner  that  all 
the  descendants   have  longer  lives  than 
their  progenitors !    Cannot  our  critic  con- 
ceive that  a  biennial  plant  or  one  of  the 
lower  animals  might  range  into  a  cold 
climate  and  perish   there   every  winter ; 
and  yet,   owing  to  advantages    gained 
through  natural   selection,  survive   from 
year  to  year  by  means  of   its   seeds  or 
ova  ?     Mr.  E.  Ray  Lankester  has  recent- 
ly discussed  this  subject,  and   he    con- 
cludes, as  far  as  its  extreme  complexity 
allows  him  to  form  a  judgment,  that  lon- 
gevity is  generally  related  to  the  stand- 
ard of  each  species  in  the  scale  of  organ- 
ization, as  well  as  to  the  amount  of  ex- 
penditure in  reproduction  and  in  general 
activity.     And  these  conditions  have,  it 
is    probable,    been    largely    determined 
through  natural  selection. 

320.  It  has  been  argued  that,  as  none 
of  the  animals  and  plants  of  Egypt,  of 
which  we  know  anything,  have  changed 
during  the  last  three  or   four   thousand 
years,  so  probably  have  none  in  any  part 
of  the  world.     But,  as  Mr.  G.  H.  Lewes 
has  remarked,  this  line  of  argument  proves 
too  much,  for  the  ancient  domestic  races 
figured  on  the  Egyptian  monuments,  or, 
embalmed,  are   closely    similar  or  even 
identical  with  those  now  living ;   yet  all 
naturalists  admit  that  such    races  have 
been  produced  through  the  modification 
of  their  original  types.     The  many  ani- 
mals which   have  remained   unchanged 
since  the  commencement  of   the  glacial 
period,  would  have  been  an  .incomparably 
stronger  case,  for  these  have   been  ex- 
posed to  great  changes  of  climate  and 
have    migrated    over    great    distances ; 
whereas,  in  Egypt,  during  the  last  several 
thousand   years,  the    conditions  of  life, 
as  far  as  we  know,  have  remained  abso- 
lutely uniform.     The  fact  of  little  or  no 
modification   having  been  effected  since 
the  glacial  period  would  have  been   of 
some  avail  against  those  who  believe  in 
an  innate  and  necessary  law  of  develop- 
ment, but  is  powerless  against  the  doc- 
trine of  natural  selection  or  the  survival 
ol  the  fittest,  which  implies  that  when 
variations  or  individual  differences  of  a 


beneficial  nature  happen  to  arise,  these 
will  be  preserved  ;  but  this  will  be  effected 
only  under  certain  favorable  circum- 
stances. 

321.  The  celebrated  palaeontologist, 
Bronn,  at  the  close  of  his  German  transla- 
tion of  this  work,  asks,  how,  on  the  prin- 
ciple of  natural  selection,  can  a  variety 
live  side  by  side  with  the  parent-species  ? 
If  both  have  become  fitted  for  slightly 
different  habits  of  life  or  conditions,  they 
might  live  together ;  and  if  we  lay  on  one 
side  polymorphic  species,  in  which  the 
variability  seems  to  be  of  a  peculiar  nature 
and  all  mere  temporary  variations,  such 
as  size,  albinism,  etc.,  the  more  permanent 
varieties  are  generally  found,  as  far  as  I 
can  discover,  inhabiting  distinct  stations, 
— such  as  high  land  or  low  land,  dry  or 
moist  districts.  Moreover,  in  the  case  of 
animals  which  wander  much  about  and 
cross  freely,  their  varieties  seem  to  be 
generally  confined  to  distinct  regions. 
Bronn  also  insists  that  distinct  species 
never  differ  from  each  other  in  single 
characters,  but  in  many  parts ;  and  he 
asks,  how  it  always  comes  that  many 
parts  of  the  organization  should  have 
been  modified  at  the  same  time  through 
variation  and  natural  selection  ?  But 
there  is  no  necessity  for  supposing  that 
all  the  parts  of  any  being  have  been  sim- 
ultaneously modified.  The  most  striking 
modifications,  excellently  adapted  for 
some  purpose,  might,  as  was  formerly  re- 
marked, be  acquired  by  successive  varia- 
tions, if  slight,  first  in  one  part  and  then 
in  another ;  and  as  they  would  be  trans- 
mitted all  together,  they  would  appear  to 
us  as  if  they  had  been  simultaneously 
developed.  The  best  answer,  however, 
to  the  above  objection  is  afforded  by 
those  domestic  races  which  have  been 
modified,  chiefly  through  man's  power  of 
selection,  for  some  special  purpose. 
Look  at  the  race  and  dray  horse,  or  at  the 
greyhound  and  mastiff.  Their  whole 
frames  and  even  their  mental  characteris- 
tics have  been  modified  ;  but  if  we  could 
trace  each  step  in  the  history  of  their  trans- 
formation,— and  the  latter  steps  can  be 
traced, — we  should  not  see  great  and 
simultaneous  changes,  but  first  one  part 
and  then  another  slightly  modified  and 
improved.  Even  when  selection  has  been 
applied  by  man  to  some  one  character 
alone, — of  which  our  cultivated  plants  offer 
the  best  instances, — it  will  invariably  be 
found  that  although  this  one  part,  whether 
it  be  the  flower,  fruit,  or  leaves,  has  been 
greatly  changed,  almost  all  the  other 
parts  have  been  slightly  modified.  This 
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may  be  attributed  partly  to  the  principle 
of  correlated  growth,  and  partly  to  so- 
called  spontaneous  variation. 

322.  A   much  more  serious  objection 
has  been  urged  by  Bronn,  and  recently  by 
Broca,  namely,  that  many  characters  ap- 
pear to  be  of  no  service  whatever  to  their 
possessors,   and   therefore   cannot    have 
been  influenced  through  natural  selection. 
Bronn  adduces  the  length  of  the  ears  and 
tails  in  the  different  species  of  hares  and 
mice,- — the  complex  folds  of  enamel  in  the 
teeth  of  many  animals,  and  a  multitude  of 
analogous  cases.     With  respect  to  plants, 
this  subject  has  been  discussed  by  Nageli 
in  an  admirable  essay.     He  admits  that 
natural  selection  has  effected  much,  but 
he  insists  that  the  families  of  plants  differ 
chiefly  from  each  other  in  morphological 
characters,  which  appear  to  be  quite  unim- 
portant for  the  welfare  of  the  species.     He 
consequently  believes  in  an  innate  tend- 
ency toward  progressive  and  more  per- 
fect development.     He  specifies  the  ar- 
rangement of  the  cells  in  the  tissues,  and 
of  the  leaves  on  the  axis,  as  cases  in  which 
natural  selection  could  not   have   acted. 
To  these  may  be  added  the  numerical  di- 
visions in  the  parts  of  the  flower,  the  posi- 
tion of  the  ovules,  the  shape  of  the  seed, 
when  not  of  any  use  for  dissemination,  etc. 

323.  There  is  much  force  in  the  above 
objection.     Nevertheless,  we  ought,  in  the 
first  place,  to  be  extremely  cautious  in 
pretending  to  decide  what  structures  now 
are,  or  have  formerly  been,  of  use  to  each 
species.     In  the  second  place,  it  should 
always  be  borne  in  mind  that  when  one 
part  is  modified,  so  will  be  other  parts, 
through  certain  dimly  seen  causes,  such 
as  an   increased  or  diminished  flow  of 
nutriment  to  a  part,  mutual  pressure,  an 
early  developed  part  affecting  one  subse- 
quently developed,  and  so  forth, — as  well 
as  through   other  causes  which  lead  to 
the  many  mysterious  cases  of  correlation, 
which  we  do  not  in  the  least  understand. 
These  agencies  may  be  all  grouped  to- 
gether, for  the  sake  of  brevity,  under  the 
expression  of  the  laws  of  growth.     In  the 
third  place,  we  have  to  allow  for  the  di- 
rect and  definite  action  of  changed  condi- 
tions of  life,  and  for  so-called  spontaneous 
variations,    in  which  the   nature  of  the 
conditions  apparently  plays  a  quite  sub- 
ordinate part.    Bud-variations,  such  as  the 
appearance  of  a  moss-rose  on  a  common 
rose,  or  of  a  nectarine  on  a  peach-tree, 
offer  instances  of  spontaneous  variations  ; 
but  even  in  these  cases,  if  we  bear  in  mind 
the  power  of  a  minute  drop  of  poison  in 
producing  complex  galls,  we  ought  not  to 


feel  too  sure  that  the  above  variations 
a  -e  not  the  effect  of  some  local  change 
in  the  nature  of  the  sap,  due  to  some 
change  in  the  conditions.  There  must  be 
some  efficient  cause  for  each  slight  individ- 
ual difference,  as  well  as  for  more  strongly 
marked  variations  which  occasionally 
arise  ;  and  if  the  unknown  cause  were  to 
act  persistently,  it  is  almost  certain  that 
all  the  individuals  of  the  species  would 
be  similarly  modified. 

324.  In  the  earlier  editions  of  this  work 
I  under-rated,  as  it  now  seems  probable, 
the  frequency  and  importance  of  modifi- 
cations due  to    spontaneous    variability. 
But  it  is  impossible  to  attribute  to  this 
cause  the  innumerable  structures  which 
are  so  well  adapted  to  the  habits  of  life  of 
each  species.     I  can  no  more  believe  in 
this,  than  that  the  well-adapted  form  of  a 
race-horse  or  greyhound,  which  before 
the   principle  of  selection  by   man  was 
well  understood,  excited  so  much  surprise 
in  the  minds  of  the  older  naturalists,  can 
thus  be  explained. 

325.  It  may  be  worth  while  to  illustrate 
some  of  the  foregoing  remarks.     With 
respect  to  the  assumed  inutility  of  various 
parts  and  organs,  it  is  hardly  necessary 
to  observe  that  even  in  the  higher  and 
best-known  animals  many  structures  exist, 
which  are  so  highly  developed  that  no  one 
doubts  that  they  are  of  importance,  yet 
their  use  has  not  been,  or  has  only  re- 
cently   been,    ascertained.      As    Bronn 
gives  the  length  of  the  ears  and  tail  in  the 
several    species    of    mice    as    instances, 
though    trifling   ones,    of   differences  in 
structure  which  can  be  of  no  special  use, 
I   may  mention   that,  according  to  Dr. 
Schobl,  the  external  ears  of  the  common 
mouse  are  supplied  in  an  extraordinary 
manner  with  nerves,   so  that    they    no 
doubt  serve  as  tactile  organs ;  hence  the 
length  of  the  ears  can  hardly  be  quite 
unimportant.     We  shall,  also,   presently 
see  that  the  tail  is  a  highly  useful  prehen- 
sile organ  to  some  of  the  species  ;  and  its 
use    would   be   much  influenced  by  its 
length. 

326.  With  respect  to  plants,  to  which 
on  account  of  Nageli's  essay  I  shall  con- 
fine myself  in  the  following  remarks,  it 
will  be  admitted  that  the  flowers  of  orchids 
present  a  multitude  of  curious  structures, 
which  a  few  years  ago  would  have  been 
considered  as  mere  morphological  differ- 
ences without  any  special  function  ;  but 
they  are  now  known  to  be  of  the  highest 
importance  for  the   fertilization   of    tne 
species  through  the  aid   of  insects,  and 
have  probably  been  gained  through  natu- 
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ral  selection.  No  one  until  lately  would 
have  imagined  that  in  dimorphic  and  tri- 
morphic  plants  the  different  lengths  of  the 
stamens  and  pistils,  and  their  arrange- 
ment, could  have  been  of  any  service,  but 
now  we  know  this  to  be  the  case. 

327.  In  certain  whole  groups  of  plants 
the  ovules  stand  erect,  and  in  others  they 
are  suspended  ;  and  within  the  same  ova- 
rium  of  some  few  plants,  one  ovule  holds 
the  former  and  a  second  ovule  the  latter 
position.     These  positions  seem  at  first 
purely  morphological,  or  of  no  physiologi- 
cal signification  ;  but  Dr.  Hooker  informs 
me  that  within  the  same   ovarium,  the 
upper  ovules  alone  in  some  cases,  and  in 
other  cases  the    lower  ones   alone   are 
fertilized  ;  and  he  suggests  that  this  prob- 
ably depends  on  the  direction  in  which 
the  pollen-tubes  enter  the  ovarium.     If 
so,  the  position  of  the  ovules,  even  when 
one   is  erect  and   the   other  suspended 
within   the   same  ovarium,  would  follow 
from  the  selection  of  any  slight  deviations 
in  position  which  favored  their  fertiliza- 
tion, and  the  production  of  seed. 

328.  Several  plants  belonging  to  distinct 
orders  habitually  produce  flowers  of  two 
kinds, — the  one    open   of    the    ordinary 
structure,  the  other  closed  and  imperfect. 
These   two  kinds  of  flowers  sometimes 
differ  wonderfully  in  structure,  yet  may 
be  seen  to  graduate  into  each  other  on 
the  same  plant.     The  ordinary  and  open 
flowers  can  be  intercrossed ;  and  the  ben- 
efits which  certainly  are  derived  from  this 
process  are  thus   secured.     The    closed 
and  imperfect  flowers  are,  however,  mani- 
festly of  high  importance,  as  they  yield 
with  the  utmost  safety  a  large  stock  of 
seed,  with  the  expenditure  of  wonderfully 
little  (pollen.     The  two  kinds  of  flowers 
often  differ  much,  as  just  stated,  in  struct- 
ure.    The  petals  in  the  imperfect  flowers 
almost  always  consist  of  mere  rudiments, 
and  the  pollen-grains  are  reduced  in  di- 
ameter.    In  Ononis  columnae  five  of  the 
alternate  stamens  are  rudimentary ;  and 
in  some  species  of  Viola  three  stamens 
are  in  this  state,  two  retaining  their  prop- 
er function,  but  being  of  very  small  size. 
In  six  out  of  thirty  of  the  closed  flowers 
in  an  Indian  violet  (name  unknown,  for 
the  plants  have  never  produced  with  me 
perfect  flowers),  the  sepals  are  reduced 
from  the  normal  number  of  five  to  three. 
In  one  section  of  the  Malpighiaceas  the 
closed  flowers,  according  to  A.  de  Jussieu, 
are  still   further  modified,   for   the   five 
stamens  which  stand  opposite  to  the  se- 
pals are  all  aborted,  a  sixth  stamen  stand- 
ing opposite  to  a  petal  being  alone  deveU 


oped ;  and  this  stamen  is  not  present  in 
the  ordinary  flowers  of  these  species  \  the 
style  is  aborted ;  and  the  ovaria  are 
reduced  from  three  to  two.  Now  al- 
though natural  selection  may  well  have 
had  the  power  to  prevent  some  of  the 
flowers  from  expanding,  and  to  reduce 
the  amount  of  pollen,  when  rendered  by 
the  closure  of  the  flowers  superfluous,  yet 
hardly  any  of  the  above  special  modifica- 
tions can  have  been  thus  determined,  but 
must  have  followed  from  the  laws  of 
growth,  including  the  functional  inactivrty 
of  parts,  during  the  progress  of  the  reduc- 
tion of  the  pollen  and  the  closure  of  the 
flowers. 

329.  It  is  so  necessary  to  appreciate 
the  important  effects  of  the  laws  of 
growth,  that  I  will  give  some  additional 
cases  of  another  kind,  namely  of  differ- 
ences in  the  same  part  or  organ,  due  to 
differences  in  relative  position  on  the 
same  plant.  In  the  Spanish  chestnut, 
and  in  certain  fir-trees,  the  angles  of  di- 
vergence of  the  leaves  differ,  according  to 
Schacht,  in  the  nearly  horizontal  and  in 
the  upright  branches.  In  the  common 
rue  and  some  other  plants,  one  flower, 
usually  the  central  or  terminal  one,  opens 
first,  and  has  five  sepals  and  petals,  and 
five  divisions  to  the  ovarium  ;  while  all 
the  other  flowers  on  the  plant  are  tetra-» 
merous.  In  the  British  Adoxa  the  upper- 
most flower  generally  has  two  calyx-lobes 
with  the  other  organs  tetramerous,  while 
the  surrounding  flowers  generally  have 
three  calyx-lobes  with  the  other  organs 
pentamerous.  In  many  Compositae  and 
Umbelliferas  (and  in  some  other  plants) 
the  circumferential  flowers  have  their  cor- 
ollas much  more  developed  than  those  of 
the  center ;  and  this  seems  often  con- 
nected with  the  abortion  of  the  repro- 
ductive organs.  It  is  a  more  curious 
fact,  previously  referred  to,  that  the 
achenes  or  seeds  of  the  circumference 
and  center  sometimes  differ  greatly  in 
form,  color,  and  other  characters.  In 
Carthamus  and  some  other  Compositas 
the  central  achenes  alone  are  furnished 
with  a  pappus ;  and  in  Hyoseris  the  same 
head  yields  achenes  of  three  different 
forms.  In  certain  Umbelliferas  the  ex- 
terior seeds,  according  to  Tausch,  are 
orthospermous,  and  the  central  one  ccel- 
ospermous,  and  this  is  a  character  which 
was  considered  by  De  Candolle  to  be  in 
other  species  of  the  highest  systematic 
importance.  Prof.  Braun  mentions  a 
Fumariaceous  genus,  in  which  the  flowers 
in  the  lower  part  of  the  spike  bear  oval, 
ribbed,  one-seeded  nutlets ;  and  in  the 
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upper  part  of  the  spike,  lanceolate,  two- 
valved,  and  two-seeded  siliques.  In  these 
several  cases,  with  the  exception  of  that 
of  the  well  developed  ray-florets,  which 
are  of  service  in  making  the  flowers  con- 
spicuous to  insects,  natural  selection  can- 
not, as  far  as  we  can  judge,  have  come 
into  play,  or  only  in  a  quite  subordinate 
manner.  All  these  modifications  follow 
from  the  relative  position  and  inter-action 
of  the  parts  ;  and  it  can  hardly  be  doubt- 
ed that  if  all  the  flowers  and  leaves  on 
the  same  plant  had  been  subjected  to  the 
same  external  and  internal  condition,  as 
are  the  flowers  and  leaves  in  certain  posi- 
tions, all  would  have  been  modified  in 
the  same  manner. 

330.  In  numerous  other  cases  we  find 
modifications  of  structure,  which  are  con- 
sidered by  botanists  to  be  generally  of  a 
highly  important  nature,  affecting  only 
some  of  the  flowers  on  the  same  plant,  or 
occurring  on  distinct  plants,  which  grow 
close  together  under  the  same  conditions. 
As  these  variations  seem  of  no  special 
use  to  the  plants,  they  cannot  have  been 
influenced  by  natural  selection.  Of  their 
cause  we  are  quite  ignorant ;  we  cannot 
even  attribute  them,  as  in  the  last  class  of 
cases,  to  any  proximate  agency,  such  as 
relative  position.  I  will  give  only  a  few 
instances.  It  is  so  common  to  observe 
on  the  same  plant,  flowers  indifferently 
tetramerous,  pentamerous,  etc.,  that  I 
need  not  give  examples ;  but  as  numeri- 
cal variations  are  comparatively  rare 
when  the  parts  are  few,  I  may  mention 
that,  according  to  De  Candolle,  the 
flowers  of  Papaver  bracteatum  offer 
either  two  sepals  with  four  petals  (which 
is  the  common  type  with  poppies),  or 
three  sepals  with  six  petals.  The  man- 
ner in  which  the  petals  are  folded  in  the 
bud  is  in  most  groups  a  very  constant 
morphological  character  ;  but  Professor 
Asa  Gray  states  that  with  some  species 
of  Mimulus,  the  aestivation  is  almost  as 
frequently  that  of  the  Rhinanthideae  as 
of  the  Antirrhinideas,  to  which  latter  tribe 
the  genus  belongs.  Aug.  St.  Hilaire 
gives  the  following  cases :  the  genus 
Zanthoxylon  belongs  to  a  division  of  the 
Rutaceas  with  a  single  ovary,  but  in  some 
species  flowers  may  be  found  on  the 
same  plant,  and  even  in  the  same  panicle, 
with  either  one  or  two  ovaries.  In  He- 
lianthemum  the  capsule  has  been  de- 
scribed as  unilocula  or  3-locular ;  and  in 
H.  mutabile,  "  Une  lame,  plus  ou  mains 


large,  s'etend  entre  le  pericarpe  et  le 
placenta."  In  the  flowers  of  Saponaria 
officinahs,  Dr.  Masters  has  observed  in- 


stances of  both  marginal  and  free  central 
placentation.  Lastly,  St.  Hilaire  found 
toward  the  southern  extreme  of  the 
range  of  Gomphia  oleaeformis  two  forms 
which  he  did  not  at  first  doubt  were  dis- 
tinct species,  but  he  subsequently  saw 
them  growing  on  the  same  bush ;  and  he 
then  adds,  "  Voila  done  dans  un  meme 
individu  des  loges  et  un  style  qui  se  rat- 
tachent  tantot  a,  un  axe  verticale  et  tantot 
a  un  gynobase." 

331.  We  thus    see   that  with    plants 
many  morphological  changes  may  be  at- 
tributed to  the  laws  of  growth  and  the 
inter-action  of    parts,    independently  of 
natural  selection.      But  with  respect  to 
Nageli's  doctrine  of  an  innate  tendency 
toward  perfection   or   progressive  devel- 
opment, can  it  be  said  in  the  case  of  these 
strongly  pronounced  variations,  that  the 
plants  have  been  caught  in  the  act  of  pro- 
gressing toward  a  higher  state  of  devel- 
opment ?  On  the  contrary,  I  should  infer 
from  the  mere  fact  of  the  parts  in  ques- 
tian  differing  or  varying  greatly  on  the 
same  plant,  that  such  modifications  were 
of  extremely  small    importance   to  the 
plants  themselves,  of  whatever  importance 
they  may  generally  be  to  us  for  our  classi- 
fications.    The  acquisition  of  a  useless 
part  can  hardly  be  said  to  raise  an  organ- 
ism in  the  natural  scale  ;  and  in  the  case 
of    the  imperfect,  closed    flowers  above 
described,  if  any  new  principle  has  to  be 
invoked,  it  must  be  one  of  retrogression 
rather  than  of  progression ;  and  so    it 
must  be  with  many  parasitic  and  degrad- 
ed animals.     We  are  ignorant  of  the  ex- 
citing cause  of  the  above  specified  modi- 
fications ;  but  if  the  unknown  cause  were 
to  act  almost  uniformly  for  a  length  of 
time,  we  may  infer  that  the  result  would 
be  almost  uniform ;  and  in  this  case  all 
the  individuals  of  the  species  would  be 
modified  in  the  same  manner. 

332.  From  the  fact  of  the  above  char- 
acters being  unimportant  for  the  welfare 
of  the  species,  any  slight  variations  which 
occurred  in  them  would  not  have  been 
accumulated    and    augmented    through 
natural   selection.      A    structure  which 
has  been  developed   through   long-con- 
tinued selection,  when  it  ceases  to  be  of 
service  to  a  species,  generally  becomes 
variable,  as  we  see  with  rudimentary  or- 
gans ;  for  it  will  no  longer  be  regulated 
by  this  same  power  of   selection.      But 
when,  from  the  nature  of  the  organism 
and  of  the  conditions,  modifications  have 
been  induced  which  are  unimportant  for 
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mutea  in  nearly  the  same  state  to  nu- 
merous, otherwise  modified,  descend- 
ants. It  cannot  have  been  of  much  im- 
portance to  the  greater  number  of  mam- 
mals, birds,  or  reptiles,  whether  they 
were  clothed  with  hair,  feathers,  or  scales  ; 
yet  hair  has  been  transmitted  to  almost  all 
mammals,  feathers  to  all  birds,  and  scales 
to  all  true  reptiles.  A  structure,  what- 
ever it  may  be,  which  is  common  to  many 
allied  forms,  is  ranked  by  us  as  of  high 
systematic  importance,  and  consequently 
is  often  assumed  to  be  of  high  vital  impor- 
tance to  the  species.  Thus,  as  I  am  in- 
clined to  believe,  morphological  differences 
which  we  consider  as  important — such  as 
the  arrangement  of  the  leaves,  the  divisions 
of  the  flower  or  of  the  ovarium,  the  posi- 
tion of  the  ovules,  etc., — first  appeared  in 
many  cases  as  fluctuating  variations, 
which  sooner  or  later  became  constant 
through  the  nature  of  the  organism  and 
of  the  surrounding  conditions,  as  well  as 
through  the  intercrossing  of  distinct  in- 
dividuals, but  not  through  natural  selec- 
tion ;  for  as  these  morphological  charac- 
ters do  not  affect  the  welfare  of  the  spe- 
cies, any  slight  deviations  in  them  could 
not  have  been  governed  or  accumulated 
through  this  latter  agency.  It  is  a 
strange  result  which  we  thus  arrive  at, 
namely  that  characters  ot  slight  vital  im- 
portance to  the  species,  are  the  most  im- 
portant to  the  systematist ;  but,  as  we 
shall  hereafter  see  when  we  treat  of  the 
genetic  principle  of  classification,  this  is 
by  no  means  so  paradoxical  as  it  may  at 
first  appear. 

333.  Although  we  have  no  good  evi- 
dence of  the  existence  in  organic  beings 
of  an  innate  tendency  toward  progressive 
development,  yet  this  necessarily  follows, 
as  I  have  attempted  to  show  in  the  fourth 
chapter,  through  the  continued  action  of 
natural  selection.    For  the  best  definition 
which  has  ever  been  given  of  a  high 
standard  of  organization,  is  the  degree  to 
which  the  parts  have  been  specialized  or 
differentiated ;  and  natural  selection  tends 
toward  this  end,  inasmuch  as  the  parts 
are  thus  enabled  to  perform  their  func- 
tions more  efficiently. 

334.  A  distinguished  zoologist,  Mr.  St. 
George  Mivart,  has  recently  collected  all 
the  objections  which  have  ever  been  ad- 
vanced by  myself  and  others  against  the 
theory  of  natural  selection,  as  propound- 
ed by  Mr.  Wallace  and  myself,  and  has 
illustrated  them  with  admirable  art  and 
force.      When     thus     marshaled,    they 
make  a  formidable  array ;  and  as  it  forms 


no  part  of  Mr.  Mivart 's  plan  to  give  the 
various  facts  and  considerations  opposed 
to  his  conclusions,  no  slight  effort  ot 
reason  and  memory  is  left  to  the  reader, 
who  may  wish  to  weigh  the  evidence  on 
both  sides.  When  discussing  special 
cases,  Mr.  Mivart  passes  over  the  effects 
of  the  increased  use  and  disuse  of  parts, 
which  I  have  always  maintained  to  be 
highly  important,  and  have  treated  in  my 
"  Variation  under  Domestication "  at 
greater  length  than,  as  I  believe,  any 
other  writer.  He  likewise  often  assumes 
that  I  attribute  nothing  to  variation,  inde- 
pendently of  natural  selection,  whereas  in 
the  work  just  referred  to  I  have  collected 
a  greater  number  of  well-established 
cases  than  can  be  found  in  any  other 
work  known  to  me.  My  judgment  may 
not  be  trustworthy,  but  after  reading 
with  care  Mr.  Mivart's  book,  and  com- 
paring each  section  with  what  I  have 
said  on  the  same  head,  I  never  before  felt 
so  strongly  convinced  of  the  general  truth 
of  the  conclusions  here  arrived  at,  sub- 
ject of  course,  in  so  intricate  a  subject,  to 
much  partial  error. 

335.  All  Mr.  Mivart's  objections  will  be, 
or  have  been,  considered  in  the  present 
volume.     The  one  new  point  which  ap- 
pears to   have  struck  many  readers   is, 
"  that  natural  selection  is  incompetent  to 
account  for  the  incipient  stages  of  useful 
structures."     This  subject   is   intimately 
connected  with  that  of  the  gradation  of 
characters,  often  accompanied  by  a  change 
of  function, — for  instance,  the  conversion 
of  a  swim-bladder    into    lungs, — points 
which  were  discussed  in  the  last  chapter 
under  two  headings.     Nevertheless,  I  will 
here  consider  in  some  detail  several  of  the 
cases  advanced  by  Mr.  Mivart,  selecting 
those  which  are  the  most  illustrative,  as 
want  of  space  prevents  me  from  consider- 
ing all. 

336.  The  giraffe,  by  its  lofty  stature, 
much  elongated  neck,  fore-legs,  head  and 
tongue   has   its  whole  frame  beautifully 
adapted    for    browsing    on    the    higher 
branches   of  trees.     It  can   thus  obtain 
food  beyond  the  reach  of  the  other  Un- 
gulata  or  hoofed  animals  inhabiting  the 
same  country  ;   and  this  must  be  a  great 
advantage  to  it  during    dearths.     The 
Niata  cattle  in  S.  America  show  us  how 
small  a  difference  in  structure  may  make, 
during  such  periods,  a  great  difference  in 
preserving  an  animal's  life.     These  tattle 
can  browse  as  well  as  others  on  grass, 
but  from  the  projection  of  the  lower  jaw 
they  cannot,  during  the  often  recurrent 
droughts,  browse  on  the  twigs  of  trees, 
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reeds,  etc.,  to  which  food  the  common 
cattle  and  horses  are  then  driven ;  so  that 
at  these  times  the  Niatas  perish,  ii  not 
fed  by  their  owners.  Before  coming  to 
Mr.  Mivart's  objections,  it  may  be  well  to 
explain  once  again  how  natural  selection 
will  act  in  all  ordinary  cases.  Man  has 
modified  some  of  his  animals,  without 
necessarily  having  attended  to  special 
points  of  structure,  by  simply  preserving 
and  breeding  from  the  fleetest  individuals, 
as  with  the  race-horse  and  greyhound,  or 
as  with  the  game-cock,  by  breeding  from 
the  victorious  birds.  So  under  nature 
with  the  nascent  giraffe,  the  individuals 
which  were  the  highest  browsers  and 
were  able  during  dearths  to  reach  even 
an  inch  or  two  above  the  others,  will  often 
have  been  preserved ;  for  they  will  have 
roamed  over  the  whole  country  in  search 
of  food.  That  the  individuals  of  the  same 
species  often  differ  slightly  in  the  relative 
lengths  of  all  their  parts  may  be  seen  in 
many  works  of  natural  history,  in  which 
careful  measurements  are  given.  These 
slight  proportional  differences,  due  to  the 
laws  of  growth  and  variation,  are  not  of 
the  slightest  use  or  importance  to  most 
species.  But  it  will  have  been  otherwise 
with  the  nascent  giraffe,  considering  its 
probable  habits  of  life  ;  for  those  individ- 
uals which  had  some  one  part  or  several 
parts  of  their  bodies  rather  more  elongated 
than  usual,  would  generally  have  survived. 
These  will  have  intercrossed  and  left  off- 
spring, either  inheriting  the  same  bodily 
peculiarities,  or  with  a  tendency  to  vary 
again  in  the  same  manner  ;  while  the  in- 
dividuals, less  favored  in  the  same  re- 
spects, will  have  been  the  most  liable  to 
perish. 

337.  We  here  see  that  there  is  no  need 
to   separate  single  pairs,  as  man  does, 
when  he  methodically  improves  a  breed  : 
natural  selection  will  preserve  and   thus 
separate  all  the  superior  individuals,  al- 
lowing them  freely  to  intercross,  and  will 
destroy  all  the   inferior  individuals.     By 
this  process  long-continued,  which  exactly 
corresponds  with  what  I  have  called  un- 
conscious selection  by  man,  combined  no 
doubt  in  a  most  important  manner  with 
the  inherited  effects  of  the  increased  use 
of  parts,  it  seems  60  me  almost  certain 
that  an  ordinary  hoofed  quadruped  might 
be  converted  into  a  giraffe. 

338.  To  this    conclusion    Mr.   Mivart 
brings   forward  two  objections.     One  is 
that  th  2  increased  size  of  the  body  would 
obviously  require  an  increased  supply  of 
food,  and  he  considers  it  as  "  very  prob- 
lematical   whether    the     disadvantages 


thence  arising  would  not,  in  times  ot 
scarcity,  more  than  counterbalance  the 
advantages."  But  as  the  giraffe  does 
actually  existed  in  large  numbers  in  S. 
Africa,  and  as  some  of  the  largest  ante- 
lopes in  the  world,  taller  than  an  ox, 
abound  there,  why  should  we  doubt  that, 
as  far  as  size  is  concerned,  intermediate 
gradations  could  formerly  have  existed 
there,  subjected  as  now  to  severe  dearths. 
Assuredly  the  being  able  to  reach,  at  each 
stage  of  increased  size,  to  a  supply  of  food, 
left  untouched  by  the  other  hoofed  quad- 
rupeds of  the  country,  would  have  been 
of  some  advantage  to  the  nascent  giraffe 
Nor  must  we  overlook  the  fact,  that  in- 
creased bulk  would  act  as  a  protection 
against  almost  all  beasts  of  prey  except- 
ing the  lion  ;  and  against  this  animal,  its 
tall  neck, — and  the  taller  the  better, — 
would,  as  Mr.  Chauncey  Wright  has  re- 
marked, serve  as  a  watch-tower.  It  is 
from  this  cause,  as  Sir  S.  Baker  remarks, 
that  no  animal  is  more  difficult  to  stalk 
than  the  giraffe.  This  animal  also  uses 
its  long  neck  as  a  means  of  offense  or 
defense,  by  violently  swinging  its  head 
armed  with  stump-like  horns.  The  pres- 
ervation of  each  species  can  rarely  be  de- 
termined by  any  one  advantage,  but  by 
the  union  of  all,  great  and  small. 

339.  Mr.  Mivart  then  asks  (and  this  is 
his  second  objection),  if  natural  selection 
be  so  potent,  and  if  high  browsing  be  so 
great  an  advantage,  why  has  not  any 
other  hoofed  quadruped  acquired  a  long 
neck  and  lofty  stature,  besides  the  giraffe, 
and,  in  a  lesser  degree,  the  camel,  guana- 
co,  and  macrauchenia  ?  Or,  again,  why 
has  not  any  member  of  the  group  ac- 
quired a  long  proboscis?  With  respect 
to  S.  Africa,  which  was  formerly  inhabit- 
ed by  numerous  herds  of  the  giraffe,  the 
answer  is  not  difficult,  and  can  best  be 
given  by  an  illustration .  I  n  every  meadow 
in  England  in  which  trees  grow,  we  see  the 
lower  branches  trimmed  or  planed  to  an 
exact  level  by  the  browsing  of  the  horses  or 
cattle ;  and  what  advantage  would  it  be,  for 
instance,  to  sheep,  if  kept  there,  to  acquire 
slightly  longer  necks  ?  In  every  district 
some  one  kind  of  animal  will  almost  cer- 
tainly be  able  to  browse  higher  than  the 
others;  and  it  is  almost  equally  certain 
that  this  one  kind  alone  could  have  its 
neck  elongated  for  this  purpose,  through 
natural  selection  and  the  effects  of  in- 
creased use.  In  S.  Africa  the  competi- 
tion for  browsing  on  the  higher  branches 
of  the  acacias  and  other  trees  must  be 
between  giraffe  and  giraffe,  and  not  with 
the  other  ungulate  animals. 
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340.  vVhy,   in   other   quarters  of    the 
world,  various  animals  belonging  to  this 
same  order  have  not  acquired  either  an 
elongated  neck  or  a  proboscis,  cannot  be 
distinctly  answered;  but    it    is    as    un- 
reasonable to  expect  a  distinct  answer  to 
such  a  question,  as  why  some  event  in 
the  history  of  mankind  did  not  occur  in 
one  country,  while  it  did  in  another.     We 
are   ignorant  with  respect  to  the  condi- 
tions which  determine  the  numbers  and 
range  of  each   species ;  and  we   cannot 
even  conjecture  what  changes  of  structure 
would  be  favorable  to  its  increase  in  some 
new  country.    We  can,  however,  see  in 
a  general  manner  that  various   causes 
might  have  interfered  with  the  develop- 
ment of  a  long  neck  or  proboscis.     To 
reach  the  foliage  at  a  considerable  height 
(without  climbing,  for  which  hoofed  ani- 
mals are  singularly  ill-constructed)  im- 
plies greatly  increased  bulk  of  body ;  and 
we  know  that  some  areas   support  sin- 
gularly few  large  quadrupeds,  for  instance 
S.  America,  though  it  is  so   luxuriant; 
while  S.  Africa  abounds  with  them  to  an 
unparalleled   degree.     Why  this   should 
be  so,  we  do  not  know ;  nor  why  the 
later  tertiary  periods  should  have   been 
much  more  favorable  for  their  existence 
than    the  present  time.     Whatever  the 
causes  may  have  been,  we  can  see  that 
certain  districts  and  times  would   have 
been  much  more   favorable  than  others 
for  the  development  of  so  large  a  quad- 
"uped  as  the  giraffe. 

341.  In  order  that  an  animal   should 
acquire    some    structure    specially    and 
largely  developed,  it  is  almost  indispensa- 
ble that  several  other  parts   should   be 
modified    and    co-adapted.      Although 
every  part  of  the  body  varies  slightly,  it 
does  not  follow  that  the  necessary  parts 
should  always  vary  in  the  right  direction 
and  to  the  right  degree.     With  the  dif- 
ferent species  of  our  domesticated  animals 
we  know  that  the  parts  vary  in  a  different 
manner  and  degree  ;  and  that  some  spe- 
cies are  much  more  variable  than  others. 
Even  if  the  fitting  variations  did  arise,  it 
does   not   follow  that  natural  selection 
would  be  able  to  act  on  them,  and  pro- 
duce a  structure  which  apparently  would 
be    beneficial  to  the    species.     For  in- 
stance, if  the  number  of  individuals  exist- 
ing  in  a  country  is   determined    chiefly 
through  destruction  by  beasts  of  prey, — 
by  external  or  internal  parasites,  etc., — as 
seems  often  to  be  the  case,  then  natural 
selection  will  be  able  to  do  little,  or  will 


be  greatly  retarded,   in    modifying   any 
particular  structure  for  obtaining  food. 


Lastly,  natural  selection  is  a  slow  process 
and  the  same  favorable  conditions  must 
long  endure  in  order  that  any  marked  ef- 
fect should  thus  be  produced.  Except 
by  assigning  such  general  and  vague 
reasons,  we  cannot  explain  why,  in  many 
quarters  of  the  world,  hoofed  quadrupeds 
have  not  acquired  much  elongated  necks 
or  other  means  for  browsing  on  the  high- 
er branches  of  trees. 

342.  Objections  of  the  same  nature  as 
the  foregoing  have  been  advanced  by 
many  writers.  In  each  case  various 
causes,  besides  the  general  ones  just  in- 
dicated, have  probably  interfered  with 
the  acquisition  through  natural  selection 
of  structures,  which  it  is  thought  would 
be  beneficial  to  certain  species.  One 
writer  asks,  why  has  not  the  ostrich  ac- 
quired the  power  of  flight  ?  But  a  mo- 
ment's reflection  will  show  what  an  enor- 
mous supply  of  food  would  be  necessary 
to  give  to  this  bird  of  the  desert  force  to 
move  its  huge  body  through  the  air. 
Oceanic  islands  are  inhabited  by  bats  and 
seals,  but  by  no  terrestrial  mammals  ; 
yet  as  some  of  these  bats  are  peculiar 
species,  they  must  have  long  inhabited 
their  present  homes.  Therefore  Sir  C. 
Lyell  asks,  and  assigns  certain  reasons 
in  answer,  why  have  not  seals  and  bats 
given  birth  on  such  islands  to  forms  fitted 
to  live  on  the  land?  But  seals  would 
necessarily  be  first  converted  into  terres- 
trial carnivorous  animals  of  considerable 
size,  and  bats  into  terrestrial  insectivorous 
animals ;  tor  the  former  there  would  be 
no  prey ;  for  the  bats  ground-insects 
would  serve  as  food,  but  these  would  al- 
ready be  largely  preyed  on  by  the  reptiles 
or  birds,  which  first  colonize  and  abound 
on  most  oceanic  islands.  Gradations  of 
structure,  with  each  stage  beneficial  to  a 
changing  species,  will  be  favored  only 
under  certain  peculiar  conditions.  A 
strictly  terrestrial  animal,  by  occasionally 
hunting  for  food  in  shallow  water,  then 
in  streams  or  lakes,  might  at  last  be  con- 
verted into  an  animal  so  thoroughly 
aquatic  as  to  brave  the  open  ocean. 
But  seals  would  not  find  on  oceanic 
islands  the  conditions  favorable  to  their 
gradual  reconversion  into  a  terrestrial 
form.  Bats,  as  formerly  shown,  probably 
acquired  their  .wings  by  at  first  gliding 
through  the  air  from  tree  to  tree,  like  the 
so-called  flying-squirrels,  for  the  sake  of 
escaping  from  their  enemies,  or  for  avoid- 
ing falls ;  but  when  the  power  of  true  flight 
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had  once  been  acquired,  it  would  never 
be  reconverted  back,  at  least  for  the 
above  purposes,  into  the  less  efficient 
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power  of  gliding  through  the  air.  Bats 
might,  indeed,  like  many  birds,  have  had 
their  wings  greatly  reduced  in  size,  or 
completely  lost,  through  disuse,  but  in 
this  case  it  would  be  necessary  that  they 
should  first  have  acquired  the  power  of 
running  quickly  on  the  ground,  by  the  aid 
of  their  hind  legs  alone,  so  as  to  compete 
with  birds  or  other  ground  animals  ;  and 
for  such  a  change  a  bat  seems  singular- 
ly ill-fitted.  These  conjectural  remarks 
have  been  made  merely  to  show  that  a 
transition  of  structure,  with  each  step 
beneficial,  is  a  highly  complex  affair;  and 
that  there  is  nothing  strange  in  a  transi- 
tion not  having  occurred  in.  any  particu- 
lar case. 

343.  Lastly,  more  than  one  writer  has 
asked,  why  have  some  animals  had  their 
mental   powers    more   highly   developed 
than  others,  as  such  development  would 
be  advantageous  to  all  ?     Why  have  not 
apes  acquired  the  intellectual  powers  of 
man  ?   Various  causes  could  be  assigned  ; 
but   as   they  are   conjectural,   and   their 
relative  probability  cannot  be  weighed,  it 
would  be  useless  to  give  them.     A  defi- 
nite answer  to  the  latter  question  ought 
not  to  be  expected,  seeing  that  no  one 
can  solve  the   simpler  problem  why,  of 
two    races    of    savages,  one    has    risen 
higher  in  the  scale  of  civilization  than  the 
other ;  and   this    appar«ntly  implies  in- 
creased brain-power. 

344.  We  will  return  to  I.L.".  Mivart's 
other  objections.     Insects  often  vesemble 
for  the  sake  of  protection  various  objects, 
such  as  green   or  decayed  leaves,  dead 
twigs,  bits  of  lichen,  flowers,  spines,  ex- 
crement of  birds,  and  living  insects :  but 
to  this  latter  point  I  shall  hereafter  recur. 
The   resemblance   is  often  wonderfully 
close,  and  is  not  confined   to  color,  but 
extends  to  form,  and  even  to  the  manner 
in  which   the   insects   hold    themselves. 
The  caterpillars  which  project  motionless 
like  dead  twigs  from  the  bushes  on  which 
they  feed,  offer  an  excellent  instance  of  a 
resemblance  of  this  kind.     The  cases  of 
the  imitation  of  such  objects  as  the  excre- 
ment of  birds,  are  rare  and  exceptional. 
On  this  head,  Mr.  Mivart  remarks,  "  As, 
according  to  Mr.  Darwin's  theory,  there 
is  a  constant  tendency  to  indefinite  varia- 
tion, and  as  the  minute  incipient  variations 
will  be  in  all  directions,  they  must  tend 
to  neutralize  each   other,  and  at  first  to 
form  such  unstable  modifications  that  it 
is  difficult,  if  not  impossible,  to  see  how 
such  indefinite  oscillations  of  infinitesimal 
beginnings  can  ever  build  up  a  sufficiently 


appreciable  resemblance  to  a  leaf,  bam- 
boo, or  other  object,  for  Natural  Selec- 
tion to  seize  upon  and  perpetuate." 

345.  But  in  all  the  foregoing  cases  the 
insects   in  their  original  state  no  doubt 
presented  some  rude  and  accidental  re- 
semblance to  an  object  commonly  found 
in  the  stations  frequented  by  them.     Nor 
is  this  at  all  improbable,  considering  the 
almost  infinite   number  of  surrounding 
objects  and  the  diversity  in  form  and  col- 
or of  the  host  of  insects  which  exist. 
As  some  rude  resemblance  is  necessary 
for  the  first  start,  we  can  understand  how 
it  is  that  the  larger  and  higher  animals 
do  not  (with  the  exception,  as  far  as  I 
know,  of  one  fish)  resemble  for  the  sake 
of  protection  special  objects,  but  only  the 
surface  which  commonly  surrounds  them, 
and  this  chiefly  in  color.     Assuming  that 
an  insect  originally  happened  to  resemble 
in  some  degree  a  dead  twig  or  a  decayed 
leaf,  and  that  it  varied  slightly  in  many 
ways,  then  all  the  variations  which  ren- 
dered the  insect  at  all  more  like  any  such 
object,    and    thus    favored    its    escape, 
would  be  preserved,  while  other  varia- 
tions would  be  neglected  and  ultimately 
lost ;  or,  if  they  rendered  the  insect  at  all 
less  like  the  imitated  object,  they  would 
be  eliminated.     There  would  indeed  be 
force   in   Mr.   Mivart's  objection,  if  we 
were  to  attempt  to  account  for  the  above 
resemblances,   independently  of  natural 
selection,  through  mere  fluctuating  varia- 
bility ;  but  as   the  case  stands  there  is 
none. 

346.  Nor  can  I  see  any  force  in  Mr. 
Mivart's  difficulty  with  respect  to  "the 
last  touches  of  perfection  in  the  mimic- 
ry ;  "  as  in  the  case  given  by  Mr.  Wallace, 
of  a  walking-stick  insect  (Ceroxylus  lac- 
eratus),  which  resembles  "  a  stick  grown 
over  by  a  creeping  moss  or  jungermannia." 
So  close  was   this   resemblance,  that  a 
native  Dyak  maintained  that  the  foliace- 
ous  excrescences  were  really  moss.     In- 
sects are  preyed  on  by  birds  and   other 
enemies,  whose  sight  is  probably  sharper 
than  ours,  and  every  grade  in  resemblance 
which  aided  an  insect  to  escape   notice 
or  detection,   would    tend     toward    its 
preservation ;  and  the  more  perfect  the 
resemblance  so  much  the  better  for  the 
insect.     Considering    the  nature  of  the 
differences   between  the  species  in  the 
group  which  includes  the  above  Ceroxy- 
lus, there  is  nothing  improbable  in  this 
insect  having  varied  in   the  irregularities 
on  its  surface,  and  in   these   having  be- 
come more  or  less  green-colored  ;  for  in 
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in  the  several  species  are  the  most  apt  to 
vary,  while  the  generic  characters,  or 
those  common  to  all  the  species,  are  the 
most  constant. 

347.  The  Greenland  whale  is  one   of 
the  most  wonderful  animals  in  the  world, 
and  the  baleen,  or  whale-bone,  one  of  its 
greatest  peculiarities.     The  baleen  con- 
sists of  a  row,  on  each  side  of  the  upper 
jaw,  of  about  300  plates  or  laminae,  which 
stand  close  together  transversely  to  the 
longer  axis  of  the  mouth.     Within  the 
main    row  there    are    some    subsidiary 
rows.    The  extremities  and  inner  mar- 
gins of  all  the  plates  are  frayed   into  stiff 
bristles,  which  clothe  the  whole  gigantic 
palate,  and   serve  to  strain  or  sift  tb«^ 
water  and  thus  to  secure  the  minute  prey 
on  which  these  great  animals  subsist. 
The  middle  and   longest  lamina  in  the 
Greenland  whale  is  ten,  twelve,  or  even 
fifteen  feet  in  length  ;  but  in  the  different 
species  of  Cetaceans  there  are  gradations 
in  length ;  the  middle   lamina  being  in 
one  species,  according  to  Scoresby,  four 
feet,  in  another  three,  in  another  eighteen 
inches,  and  in  the   Balaenoptera  rostrata 
only  about  nine  inches  in  length.     The 
quality  of  the  whale-bone  also  differs  in 
the  different  species. 

348.  With  respect  to  the  baleen,  Mr. 
Mivart  remarks  that  if  it  "  had  once  at- 
tained such  a  size  and  development  as  to 
be  at  all  useful,  then  its  preservation  and 
augmentation  within    serviceable    limits 
would  be  promoted  by  natural  selection 
alone.    But  how  to  obtain  the  beginning 
of  such  useful  development  ?  "    In  answer, 
it  may  be  asked,  why  should  not  the  early 
progenitors  of  the  whales  with  baleen  have 
possessed  a  mouth  constructed  something 
like    the    lamellated    beak  of  a  duck  ? 
Ducks,  like  whales,  subsist  by  sifting  the 
mud  and  water ;  and  the  family  has  some- 
times been  called  Crtblatores,  or  sifters. 
I  hope  that  I  may  not  be  misconstrued 
into  saying  that  the  progenitors  of  whales 
did  actually  possess  mouths  lamellated 
like  the  beak  of  a  duck.     I  wish  only  to 
show  that  this  is  not  incredible,  and  that 
the  immense  plates  of  baleen  in  the  Green- 
land whale  might  have  been  developed 
from  such  lamellae  by  finely  graduated 
steps,  each  of  service  to  its  possessor. 

349.  The    beak    of    a    shoveler-duck 
(Spatula  clypeata)  is  a  more  beautiful  and 
complex  structure  than  the  mouth  of  a 
whale.    The  uppe  *  mandible  is  furnished 
on  each  side  (in  the  specimen  examined 
by  me)  with  a  row  or  comb  formed  of  188 
thin,  elastic  lamellae  obliquely  beveled  so 
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as  to  be  pointed,  and  placed  transversely 
to  the  longer  axis  of  the  mouth.  They 
arise  from  the  palate,  and  are  attached  by 
flexible  membrane  to  the  sides  of  the  man- 
dible. Those  standing  toward  the  mid- 
dle are  the  longest,  being  about  one-third 
of  an  inch  in  length,  and  they  project  -14 
of  an  inch  beneath  the  edge.  At  their 
bases  there  is  a  short  subsidiary  row  of 
obliquely  transverse  lamellae.  In  these 
several  respects  they  resemble  the  plates 
of  baleen  in  the  mouth  of  a  whale.  But 
toward  the  extremity  of  the  beak  they 
differ  much,  as  they  project  inward,  in- 
stead of  straight  downward.  The  entire 
head  of  the  shoveler,  though  incompara- 
bly less  bulky,  is  about  one-eighteenth  of 
the  length  of  the  head  of  a  moderately 
large  Balaenoptera  rostrata,  in  which 
species  the  baleen  is  only  nine  inches 
long ;  so  that  if  we  were  to  make  the  head 
of  the  shoveler  as  long  as  that  of  the 
Balasnoptera,  the  lamellae  would  be  six 
inches  in  length, — that  is,  two-thirds  of 
the  length  of  the  baleen  in  this  species  of 
whale.  The  lower  mandible  of  the  shov/ 
er-duck  is  furnished  with  lamellae  of  eqiw 
length  with  those  above,  but  finer ;  and 
in  being  thus  furnished  it  differs  conspic- 
uously from  the  lower  jaw  of  a  whale, 
which  is  destitute  of  baleen.  On  the 
other  hand,  the  extremities  of  these  lower 
lamellae  are  frayed  into  fine  bristly  points, 
so  that  they  thus  curiously  resemble  the 
plates  of  baleen.  In  the  genus  Prion,  a 
member  of  the  distinct  family  of  the  Pe- 
trels, the  upper  mandible  alone  is  furnished 
with  lamellae,  which  are  well  developed 
and  project  beneath  the  margin  ;  so  that 
the  beak  of  this  bird  resembles  in  this 
respect  the  mouth  of  a  whale. 

350.  From  the  highly  developed  struct- 
ure of  the  shoveler's  beak  we  may  proceed 
(as  I  have  learnt  from  information  and 
specimens  sent  to  me  by  Mr.  Salvin),  with- 
out any  great  break,  as  far  as  fitness  for 
sifting  is  concerned,  through  the  beak  of 
the  Merganetta  armata,  and  in  some  re- 
spects through  that  ot  the  Aix  sponsa,  to 
the  beak  of  the  common  duck.  In  this 
latter  species,  the  lamellae  are  much  coars- 
er than  in  the  shoveler,  and  are  firmly 
attached  to  the  sides  of  the  mandible  ; 
they  are  only  about  50  in  number  on  each 
side,  and  do  not  project  at  all  beneath  the 
margin.  They  are  square-topped,  and 
are  edged  with  translucent  hardish  tissue, 
as  if  for  crushing  food.  The  edges  of  the 
lower  mandible  are  crossed  by  numerous 
fine  ridges,  which  project  very  little.  Al- 
though the  beak  is  thus  very  inferior  as 
a  sifter  to  that  of  the  shoveler,  yet  this 
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bird,  as  every  one  knows,  constantly  uses 
it  for  this  purpose.  There  are  other  spe- 
cies, as  I  hear  from  Mr.  Salvin,  in  which 
the  lamellae  are  considerably  less  devel- 
oped than  in  the  common  duck  ;  but  I  do 
not  know  whether  they  use  their  beaks 
for  sifting  the  water. 

351.  Turning  to  another  group  of  the 
same   family.      In   the   Egyptian    goose 
(Chenalopex)  the  beak  closely  resembles 
that  of  the  common  duck ;  but  the  lamellae 
are  not  so  numerous,  nor  so  distinct  from 
each  other,  nor  do  they  project  so  much 
inward  ;  yet  this  goose,  as  I  am  informed 
by  Mr.  E.  Bartlett,  "uses  its  bill  like  a 
duck  by  throwing  the  water  out  at  the 
corners."      Its   chief   food,   however,   is 
grass,  which  it  crops  like  the  common 
goose.     In  this  latter  bird,  the  lamellae  of 
the  upper  mandible  are  much  coarser  than 
in  the  common  duck,  almost  confluent, 
about  27  in  number  on  each  side,  and  ter- 
minating   upward   in    teeth-like    knobs. 
The   palate   is   also  covered   with   hard 
rounded  knobs.     The  edges  of  the  lower 
mandible  are  serrated  with  teeth  much 
more  prominent,  coarser,  and  sharper  than 
in  the  duck.     The  common  goose  does 
not  sift  the  water,  but  uses  its  beak  exclu- 
sively for  tearing  or  cutting  herbage,  for 
which  purpose  it  is  so  well  fitted,  that  it 
can  crop  grass  closer  than  almost  any 
other  animal.     There  are  other  species  of 
geese,  as  I  hear  from  Mr.  Bartlett,  in  which 
the  lamellae  are  less  developed  than  in  the 
common  goose. 

352.  We  thus  see  that  a  member  'of 
the  duck  family,  with  a  beak  constructed 
like    that   of    the    common   goose    and 
adapted  solely   for  grazing,   or  even  a 
member  with  a  beak   having  less  well- 
developed   lamellae,  might  be  converted 
by  small  changes  into  a  species  like  the 
Egyptian  goose, — this  into  one  like  the 
common  duck, — and,  lastly,  into  one  like 
the  shoveler,  provided  with  a  beak  al- 
most e-clusively  adapted  for  sifting  the 
water ;  for  this  bird  could  hardly  use  any 
part  of  its  beak,  except  the  hooked  tip, 
for  seizing  or  tearing  solid  food.     The 
beak  of  a  goose,  as  I   may  add,  might 
also  be  converted  by  small  changes  into 
one  provided   with  prominent,   recurved 
teeth,   like  those   of  the   Merganser  (a 
member  of  the  same  family),  serving  for 
the  widely  different  purpose  of  securing 
live  fish. 

353.  Returning    to  the  whales.     The 
Hyperoodon   bidens  is  destitute  of  true 
teeth   in  an  efficient  condition,  but  its 
palate  is  roughened,  according  to  Lace- 
pfcde,  with  small,  unequal,  hard  points  of 


horn.  There  is,  therefore,  nothing  im- 
probable in  supposing  that  some  early 
Cetacean  form  was  provided  with  similar 
points  of  horn  on  the  palate,  but  rather 
more  regularly  placed,  and  which,  like 
the  knobs  on  the  beak  of  the  goose,  aided 
it  in  seizing  or  tearing  its  food.  If  so,  it 
will  hardly  be  denied  that  the  points 
might  have  been  converted  through  vari- 
ation and  natural  selection  into  lamellae 
as  well-developed  as  those  of  the  Egyp- 
tian goose,  in  which  case  they  would 
have  been  used  both  for  seizing  objects 
and  for  sifting  the  water;  then  into 
lamellae  like  those  of  the  domestic  duck  ; 
and  so  onward,  until  they  became  as 
well  constructed  as  those  of  the  shoveler, 
in  which  case  they  would  have  served  ex- 
clusively as  a  sifting  apparatus.  From 
this  stage,  in  which  the  lamellae  would  be 
two-thirds  of  the  length  of  the  plates  of 
baleen  in  the  Balaenoptera  rostrata,  gra- 
dations, which  may  be  observed  in  still- 
existing  Cetaceans,  lead  us  onward  to 
the  enormous  plates  of  baleen  in  the 
Greenland  whale.  Nor  is  there  the  least 
reason  to  doubt  that  each  step  in  this 
scale  might  have  been  as  serviceable  to 
certain  ancient  Cetaceans,  with  the 
functions  of  the  parts  slowly  changing 
during  the  progress  of  development,  as 
are  the  gradations  in  the  beaks  of  the 
different  existing  members  of  the  duck- 
family.  We  should  bear  in  mind  that 
each  species  of  duck  is  subjected  to  a 
severe  struggle  for  existence,  and  that 
the  structure  of  every  part  of  its  frame 
must  be  well  adapted  to  its  conditions  of 
life. 

354.  The  Pleuronectidae,  or  Flat-fish, 
are  remarkable  for  their  asymmetrical 
bodies.  They  rest  on  one  side, — in  the 
greater  number  of  species  on  the  left, 
but  in  some  on  the  right  side;  and  oc- 
casionally reversed  adult  specimens  occur. 
The  lower,  or  resting-surface,  resembles 
at  first  sight  the  ventral  surface  of  an 
ordinary  fish :  it  is  of  a  white  color,  less 
developed  in  many  ways  than  the  upper 
side  with  the  lateral  fins  often  of  smaller 
size.  But  the  eyes  offer  the  most  re- 
markable peculiarity;  for  they  are  both 
placed  on  the  upper  side  of  the  head. 
During  early  youth,  however,  they  stand 
opposite  to  each  other,  and  the  whole 
body  is  then  symmetrical,  with  both  sides 
equally  colored.  Soon  the  eye  proper  to 
the  lower  side  begins  to  glide  slowly 
round  the  head  to  the  upper  side;  but 
does  not  pass  right  through  the  skull,  as 
was  formerly  thought  to  be  the  case.  ! 
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is  obvious  that  unless  the  lower  eye  did 
thus  travel  round,  it  could  not  be  used 
by  the  fish  while  lying  in  its  habitual 
position  on  one  side.  The  lower  eye 
would,  also,  have  been  liable  to  be  abraded 
by  the  sandy  bottom.  That  the  Pleuro- 
nectidae  are  admirably  adapted  by  their 
flattened  and  asymmetrical  structure  for 
their  habits  of  life,  is  manifest  from 
several  species,  such  as  soles,  flounders, 
etc.,  being  extremely  common.  The  chief 
advantages  thus  gained  seem  to  be  pro- 
tection from  their  enemies,  and  facility 
for  feeding  on  the  ground.  The  differ- 
ent members,  however,  of  the  family 
present,  as  Schiodte  remarks,  "a  long 
series  of  forms  exhibiting  a  gradual  tran- 
sition from  Hippoglossus  pinguis,  which 
does  not  in  any  considerable  degree  alter 
the  shape  in  which  it  leaves  the  ovum,  to 
the  soles,  which  are  entirely  thrown  to 
one  side."1 

355.  Mr.  Mivart  has  taken  up  this  case, 
and  remarks  that  a  sudden  spontaneous 
transformation  in  the  position  of  the  eyes 
is  hardly  conceivable,  in  which   I   quite 
agree  with  him.     He  then  adds :  "  If  the 
transit  was  gradual,  then  how  such  tran- 
sit of  one  eye  a  minute  fraction  of  the 
journey  toward  the  other  side  of    the 
head  could  benefit  the  individual  is,  in- 
deed, far  from  clear.     It  seems,  even,  that 
such  an  incipient   transformation  must 
rather    have  been  injurious."     But    he 
might  have  found  an  answer  to  this  ob- 
jection in  the  excellent  observations  pub- 
lished in  1867  by  Malm.     The  Pleuro- 
nectidas,  while  very  young  and  still  sym- 
metrical, with    their  eyes    standing    on 
opposite  sides  of  the  head,  cannot  long 
retain  a  vertical  position,  owing  to  the  ex- 
cessive depth  of  their  bodies,  the  small 
size  of  their  lateral  fins,  and  to  their  being 
destitute  of  a  swimbladder.     Hence  soon 
growing  tired,  they  fall  to  the  bottom  on 
one  side.    While  thus  at  rest  they  often 
twist,  as  Malm  observed,  the  lower  eye 
upward,  to  see  above  them  ;  and  they  do 
this  so  vigorously  that  the  eye  is  pressed 
hard  against  the  upper  part  of  the  orbit. 
The  forehead  between   the  eyes  conse- 
quently becomes,   as    could  be    plainly 
seen,  temporarily  contracted  in  breadth. 
On  one  occasion  Malm  saw  a  young  fish 
raise  and  depress  the  lower  eye  through 
an  angular  distance  of  about  seventy  de- 
grees. 

356.  We    should  remember  that   the 
skull  at  this  early  age  is  cartilaginous  and 
flexible,  so  that  it  readily  yields  to  mus- 
cular action.    It  is  also  known  with  the 
higher  animals,  even  after  early  youth, 
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that  the  skull  yields  and  is  altered  in 
shape,  if  the  skin  or  muscles  be  perma- 
nently contracted  through  disease  or 
some  accident.  With  long-eared  rabbits, 
if  one  ear  lops  forward  and  downward, 
its  weight  drags  forward  all  the  bones  of 
the  skull  on  the  same  side,  of  which  I 
have  given  a  figure.  Malm  states  that 
the  newly-hatched  young  of  perches, 
salmon,  and  several  other  symmetrical 
fishes,  have  the  habit  of  occasionally  rest- 
ing on  one  side  at  the  bottom ;  and  he 
has  observed  that  they  often  then  strain 
their  lower  eyes  so  as  to  look  upward ; 
and  their  skulls  are  thus  rendered  rather 
crooked.  These  fishes,  however,  are 
soon  able  to  hold  themselves  in  a  vertical 
position,  and  no  permanent  effect -is  thus 
produced.  With  the  Pleuronectidas,  on 
the  other  hand,  the  older  they  grow  the 
more  habitually  they  rest  on  one  side, 
owing  to  the  increasing  flatness  of  their 
bodies,  and  a  permanent  effect  is  thus 
produced  on  the  form  of  the  head,  and 
on  the  position  of  the  eyes.  Judging 
from  analogy,  the  tendency  to  distortion 
would  no  doubt  be  increased  through 
the  principle  of  inheritance.  Schiodte 
believes,  in  opposition  to  some  other  nat- 
uralists, that  the  Pleuronectidae  are  not 
quite  symmetrical  even  in  the  embryo  ; 
and  if  this  be  so,  we  could  understand 
how  it  is  that  certain  species,  while 
young,  habitually  fall  over  and  rest  on 
the  left  side,  and  other  species  on  the 
right  side.  Malm  adds,  in  confirmation 
of  the  above  view,  that  the  adult  Trachyp- 
terus  arcticus,  which  is  not  a  member  of 
the  Pleuronectidag,  rests  on  its  left  side  at 
the  bottom,  and  swims  diagonally  through 
the  water ;  and  in  this  fish,  the  two  sides 
of  the  head  are  said  to  be  somewhat  dis- 
similar. Our  great  authority  on  Fishes, 
Dr.  Giinther,  concludes  his  abstract  of 
Malm's  paper,  by  remarking  that  "  the 
author  gives  a  very  simple  explanation  of 
the  abnormal  condition  of  the  Pleuronec- 
toids." 

357.  We  thus  see  that  the  first  stages 
of  the  transit  of  the  eye  from  one  side  of 
the  head  to  the  other,  which  Mr.  Mivart 
considers  would  be  injurious,  may  be  at- 
tributed to  the  habit,  no  doubt  beneficial 
to  the  individual  and  to  the  species,  of 
endeavoring  to  look  upward  with  both 
eyes,  while  resting  on  one  side  at  the  bot- 
tom. We  may  also  attribute  to  the  in- 
herited effects  of  use  the  fact  of  the 
mouth  in  several  kinds  of  flat-fish  being 
bent  toward  the  lower  surface,  with  the 
jaw  bones  stronger  and  more  effective  on 
this,  the  eyeless  side  of  the  head,  thap 
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On  the  other,  for  the  sake,  as  Dr.  Tra- 
quair  supposes,  of  feeding  with  ease  on 
the  ground.  Disuse,  on  the  other  hand, 
will  account  for  the  less  developed  condi- 
tion of  the  whole  inferior  half  of  the  body, 
including  the  lateral  fins  ;  though  Yarrell 
thinks  that  the  reduced  size  of  these  fins 
is  advantageous  to  the  fish,  as  "  there  is 
so  much  less  room  for  their  action,  than 
with  the  larger  fins  above."  Perhaps  the 
lesser  number  of  teeth  in  the  proportion 
of  four  to  seven  in  the  upper  halves  of 
the  two  jaws  of  the  plaice,  to  twenty-five 
to  thirty  in  the  lower  halves,  may  likewise 
be  accounted  for  by  disuse.  From  the 
colorless  state  of  the  ventral  surface  of 
most  fishes  and  of  many  other  animals, 
we  may  reasonably  suppose  that  the  ab- 
sence of  color  in  flat-fish  on  the  side, 
whether  it  be  the  right  or  left,  which  is 
undermost,  is  due  to  the  exclusion  of  light. 
But  it  cannot  be  supposed  that  the  pe- 
culiar speckled  appearance  of  the  upper 
side  of  the  sole,  so  like  the  sandy  bed  of 
the  sea,  or  the  power  in  some  species,  as 
recently  shown  by  Pouchet,  of  changing 
their  color  in  accordance  with  the  sur- 
rounding surface,  or  the  presence  of  bony 
tubercles  on  the  upper  side  of  the  turbot, 
are  due  to  the  action  of  the  light.  Here 
natural  selection  has  probably  come  into 
play,  as  well  as  in  adapting  the  general 
shape  of  the  body  of  these  fishes,  and 
many  other  peculiarities,  to  their  habits 
of  life.  We  should  keep  in  mind,  as  I 
have  before  insisted,  that  the  inherited 
effects  of  the  increased  use  of  parts,  and 
perhaps  of  their  disuse,  will  be  strength- 
ened by  natural  selection.  For  all  spon- 
taneous variations  in  the  right  direction 
will  thus  be  preserved  ;  as  will  those  in- 
dividuals which  inherit  in  the  highest  de- 
gree the  effects  of  the  increased  and 
beneficial  use  of  any  part.  How  much 
to  attribute  in  each  particular  case  to  the 
effects  of  use,  and  how  much  to  natural 
selection,  it  seems  impossible  to  decide. 

358.  I  may  give  another  instance  of  a 
structure  which  apparently  owes  its  ori- 
gin exclusively  to  use  or  habit.  The  ex- 
tremity of  the  tail  in  some  American 
monkeys  has  been  converted  into  a  won- 
derfully perfect  prehensile  organ  and 
serves  as  a  fifth  hand.  A  reviewer  who 
agrees  with  Mr.  Mivart  in  every  detail, 
remarks  on  this  structure  :  "  It  is  impossi- 
ble to  believe  that  in  any  number  of  ages 
the  first  slight  incipient  tendency  to  grasp 
could  preserve  the  lives  of  the  individu- 
als possessing  it,  or  favor  their  chance  of 
having  and  of  rearing  offspring."  But 
there  is  no  necessity  for  any  such  belief. 


Habit,  and  this  almost  implies  that  some 
benefit  great  or  small  is  thus  derived, 
would  in  all  probability  suffice  for  the 
work.  Brehm  saw  the  young  of  an 
African  monkey  (Cercopithecus)  clinging 
to  the  under  surface  of  their  mother  by 
their  hands,  and  at  the  same  time  they 
hooked  their  little  tails  round  that  of 
their  mother.  Professor  Henslow  kept 
in  confinement  some  harvest  mice  (Mus 
messorius)  which  do  not  possess  a 
structurally  prehensile  tail ;  but  he  fre- 
quently observed  that  they  curled  their 
tails  round  the  branches  of  a  bush  placed 
in  the  cage,  and  thus  aided  themselves  in 
climbing.  I  have  received  an  analogous 
account  from  Dr.  Giinther,  who  has  seen 
a  mouse  thus  suspend  itself.  If  the  har- 
vest mouse  had  been  more  strictly  arbo- 
real, it  would  perhaps  have  had  its  tail 
rendered  structurally  prehensile,  as  is 
the  case  with  some  members  of  the  same 
order.  Why  Cercopithecus,  considering 
its  habits  while  young,  has  not  become 
thus  provided,  it  would  be  difficult  to  say. 
It  is,  however,  possible  that  the  long  tail 
of  this  monkey  may  be  of  more  service  to 
it  as  a  balancing  organ  in  making  its 
prodigious  leaps,  than  as  a  prehensile  or- 
gan. 

359.  The  mammary  glands  are  com- 
mon to  the  whole  class  of  mammals,  and 
are  indispensable  for  their  existence ; 
they  must,  therefore,  have  been  developed 
at  an  extremely  remote  period,  and  we 
can  know  nothing  positively  about  their 
manner  of  development.  Mr.  Mivart 
asks  :  "  Is  it  conceivable  that  the  young 
of  any  animal  was  ever  saved  from  de- 
struction by  accidentally  sucking  a  drop 
of  scarcely  nutritious  fluid  from  an  acci- 
dentally hypertrophied  cutaneous  gland 
of  its  mother  ?  And  even  if  one  was  so, 
what  chance  was  there  of  the  perpetua- 
tion of  such  a  variation  ?  "  But  the  case 
is  not  here  put  fairly.  It  is  admitted  by 
most  evolutionists  that  mammals  are  de- 
scended from  a  marsupial  form ;  and  if 
so,  the  mammary  glands  will  have  been 
at  first  developed  within  the  marsupial 
sack.  In  the  case  of  the  fish  (Hippo- 
campus) the  eggs  are  hatched,  and  the 
young  are  reared  for  a  time,  within  a 
sack  of  this  nature ;  and  an  American 
naturalist,  Mr.  Lockwood,  believes  from 
what  he  has  seen  of  the  development  of 
the  young,  that  they  are  nourished  by  a 
secretion  from  the  cutaneous  glands  of 
the  sack.  Now  with  the  early  progeni- 
tors of  mammals,  almost  before  they  de- 
served to  be  thus  designated,  is  it  not  at 
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icast  possible  that  the  young  might  have 
been  similarly  nourished  ?  And  in  this 
case,  the  individuals  which  secreted  a 
fluid,  in  some  degree  or  manner  the  most 
nutritious,  so  as  to  partake  of  the  nature 
of  milk  would  in  the  long  run  have  reared 
a  larger  number  of  well-nourished  off- 
spring, than  would  the  individuals  which 
secreted  a  poorer  fluid  ;  and  thus  the  cu- 
taneous glands,  which  are  the  homologues 
of  the  mammary  glands,  would  have  been 
improved  or  rendered  more  effective.  It 
accords  with  the  widely  extended  princi- 
ple of  specialization,  that  the  glands  over 
a  certain  space  of  the  sack  should  have 
become  more  highly  developed  than  the 
remainder;  and  they  would  then  have 
formed  a  breast,  but  at  first  without  a 
nipple,  as  we  see  in  the  Ornithorhyncus, 
at  the  base  of  the  mammalian  series. 
Through  what  agency  the  glands  over  a 
certain  space  became  more  highly  spe- 
cialized than  the  others,  I  will  not  pretend 
to  decide,  whether  in  pdrt  through  com- 
pensation of  growth,  the  effects  of  use, 
or  of  natural  selection. 

360.  The  development  of  the  mammary 
glands  would  have  been  of  no  service, 
and  could  not  have  been  effected  through 
natural  selection,  unless  the  young  at  the 
same  time  were  able  to  partake  of  the  se- 
cretion. There  is  no  greater  difficulty  in 
understanding  how  young  mammals  have 
instinctively  learnt  to  suck  the  breast, 
than  in  understanding  how  unhatched 
chickens  have  learnt  to  break  the  egg- 
shell by  tapping  against  it  with  their 
specially  adapted  beaks ;  or  how  a  few 
hours  after  leaving  the  shell  they  have 
learnt  to  pick  up  grains  of  food.  In  such 
cases  the  most  probable  solution  seems 
to  be,  that  the  habit  was  at  first  acquired 
by  practice  at  a  more  advanced  age,  and 
afterward  transmitted  to  the  offspring  at 
an  earlier  age.  But  the  young  kangaroo 
is  said  not  to  suck,  only  to  cling  to  the 
nipple  of  its  mother,  who  has  the  power 
of  injecting  milk  into  the  mouth  of  her 
helpless,  half-formed  offspring.  On  this 
head  Mr.  Mivart  remarks  :  "  Did  no  spe- 
cial provision  exist,  the  young  one  must 
infallibly  be  choked  by  the  intrusion  of 
the  milk  into  the  windpipe.  But  there  z's 
a  special  provision.  The  larynx  is  so 
elongated  that  it  rises  up  into  the  poste- 
rior end  of  the  nasal  passage,  and  is  thus 
enabled  to  give  free  entrance  to  the  air 
for  the  lungs,  while  the  milk  passes  harm- 
lessly on  each  side  of  this  elongated 
larynx,  and  so  safely  attains  the  gullet  be- 
hind it."  Mr.  Mivart  then  asks  how  did 
natural  selection  remove  in  the  adult 


kangaroo  (and  in  most  otner  mammals 
on  the  assumption  that  they  are  descend- 
ed from  a  marsupial  form),  "  this  at  least 
perfectly  innocent  and  harmless  «truct- 
ure  ?  "  It  may  be  suggested  in  answer 
that  the  voice,  which  is  certainly  of  high 
importance  to  many  animals,  could  hard- 
ly have  been  used  with  full  force  as  long 
as  the  larynx  entered  the  nasal  passage , 
and  Professor  Flower  has  suggested  to 
me  that  this  structure  would  have  greatly 
interfered  with  an  animal  swallowing 
solid  food. 

361 .  We  will  now  turn  for  a  short  space 
to  the  lower  divisions  of  the  animal  king- 
dom.    The   Echinodermata  (star-fishes, 
sea-urchins,  etc.)  are  furnished  with  re- 
markable    organs,    called     pedicellarias, 
which  consist,  when  well  developed,  of  a 
tridactyle  forceps — that  is,  of  one  formed 
of  three  serrated  arms,  neatly  fitting  to- 
gether and  placed  on  the  summit  of  a 
flexible  stem,  moved  by  muscles.     These 
forceps  can  seize  firmly  hold  of  any  object ; 
and  Alexander  Agassiz  has  seen  an  Echi- 
nus or  sea-urchin  rapidly  passing  particles 
of  excrement   from    forceps   to  forceps 
down  certain  lines  of  its  body,  in  order 
that  its  shell  should  not  be  fouled.     But 
there  is  no  doubt  that  besides  removing 
dirt  of  all  kinds,    they  subserve    other 
functions ;  and  one  of  these  apparently  is 
defense. 

362.  With  respect  to  these  organs,  Mr. 
Mivart,  as  on  so  many  previous  occasions, 
asks  :  "  What  would  be  the  utility  of  the 
first    rudimentary   beginnings  of    such 
structures,  and  how  could  such  incipient 
buddings  have  ever  preserved  the  life  of 
a  single  Echinus  ?  "     He  adds,  "  not  even 
the  sudden  development  of  the  snapping 
action  could  have  been  beneficial  without 
the  freely  movable  stalk,  nor  could  the 
latter  have  been  efficient  without  the  snap- 
ping jaws,  yet  no  minute  merely  indefinite 
variations    could  simultaneously    evolve 
these  complex  co-ordinations  of  structure  ; 
to  deny  this  seems  to  do  no  less  than  to 
affirm  a  startling  paradox."     Paradoxical 
as  this  may  appear  to  Mr.  Mivart,  tridac- 
tyle forcepses,  immovably  fixed  at  the  base, 
but  capable  of  a  snapping  action,  certainly 
exist  on  some  star-fishes ;  and  this  is  in- 
telligible if  they  serve,  at  least  in  part,  as  a 
means  of  defense.     Mr.  Agassiz,  to  whose 
great  kindness  I  am  indebted  for  much  in- 
formation on  the  subject,  informs  me  that 
there  are  other  star-fishes,  in  which  one 
of  the  three  arms  of  the  forceps  is  reduced 
to  a  support  for  the  other  two ;  and  again, 
other  genera  in  which  the  third  arm  is 
completely  lost.     In  Echinoneus,  the  shell 
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Is  described  by  M.  Perrier  as  bearing  two 
kinds  of  pedicellariae,  one  resembling 
those  of  Echinus,  and  the  other  those  of 
Spatangus ;  and  such  cases  are  always 
interesting  as  affording  the  means  of  ap- 
parently sudden  transitions,  through  the 
abortion  of  one  of  the  two  states  of  an 
organ. 

363.  With  respect  to  the  steps  by  which 
these  curious  organs  have  been  evolved, 
Mr.  Agassiz  infers  from  his  own  researches 
and  those  of  Miiller,  that  both  in  star-fishes 
and  sea-urchins  the  pedicellariae  must  un- 
doubtedly be  looked  at  as  modified  spines. 
This  may  be  inferred  from  their  manner 
of  development  in  the  individual,  as  well 
as  from  a  long  and  perfect  series  of  gra- 
dations in  different  species  and  genera, 
from  simple  granules  to  ordinary  spines, 
to  perfect  tridactyle  pedicellariae.     The 
gradation  extends  even  to  the  manner  in 
which  ordinary  spines  and  the  pedicella- 
riae with  their  supporting  calcareous  rods 
are  articulated  to  the  shell.     In  certain 
genera  of  star-fishes,  "  the  very  combina- 
tions needed  to  show  that  the  pedicellariae 
are  only  modified  branching  spines  "  may 
be  found.     Thus  we  have  fixed  spines, 
with  three  equi-distant,  serrated,  movable 
branches,  articulated  to  near  their  bases  ; 
and  higher  up,  on  the  same  spine,  three 
other  movable  branches.     Now  when  the 
latter  arise  from  the  summit  of  a  spine 
they  form  in  fact  a  rude  tridactyle  pedicel- 
laria,  and  such  may  be  seen  on  the  same 
spine    together    with    the    three     lower 
branches.      In  this  case  the  identity  in 
nature  between  the  arms  of  the  pedicel- 
lariae and  the  movable  branches  of  a  spine, 
is   unmistakable.     It  is  generally  admit- 
ted that  the  ordinary  spines  serve  as  a 
protection ;  and  if  so,  there  can  be  no 
reason  to  doubt  that  those  furnished  with 
serrated  and  movable  branches  likewise 
serve  for  the  same  purpose ;    and  they 
would  thus  serve  still  more  effectively  as 
soon  as  by  meeting  together  they  acted  as 
a  prehensile  or  snapping  apparatus.    Thus 
every  gradation,  from  an  ordinary  fixed 
spine  to  a  fixed  pedicellaria  would  be  of 
service. 

364.  In  certain   genera  of   star-fishes 
these  organs,  instead  of  being  fixed  or 
borne  on  an  immovable  support,  are  placed 
on  the  summit  of  a  flexible  and  muscular, 
though  short,  stem  ;  and  in  this  case  they 
probably  subserve  some  additional  func- 
tion besides  defense.    In  the  sea-urchins 
the  steps  can  be  followed  by  which  a  fixed 
spine  becomes  articulated  to  the  shell,  and 
is  thus  rendered  movable.    I  wish  I  had 
space  here  to  give  a  fuller  abstract  of  Mr. 
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Agassiz's  interesting  observations  on  the 
development  of  the  pedicellariae.  All 
possible  gradations,  as  he  adds,  may  like- 
wise be  found  between  the  pedicellariae 
of  the  star-fishes  and  the  hooks  of  the 
Ophiurians,  another  group  of  the  Echi- 
nodermata ;  and  again  between  the  pedi- 
cellariae of  sea-urchins  and  the  anchors 
of  the  Holothuriae,  also  belonging  to  the 
same  great  class. 

365.  Certain    compound    animals,    or 
zoophytes  as  they  have    been    termed, 
namely  the  Polyzoa,  are  provided  with 
curious  organs  called  avicularia.     These 
differ  much  in  structure  in  the  different 
species.     In  their  most  perfect  condition, 
they  curiously  resemble  the  head  and  beak 
of  a  vulture  in  miniature,  seated  on  a  neck 
and  capable  of  movement,  as  is  likewise 
the  lower  jaw  or  mandible.    In  one  species 
observed  by  me  all  the  avicularia  on  the 
same  branch  often  moved  simultaneously 
backward  and  forward,  with  the  lower 
jaw  widely  open,   through  an   angle  of 
about  90°,  in  the  course  of  five  seconds ; 
and  their  movement  caused  the  whole 
polyzoary  to  tremble.      When  the   jaws 
are  touched  with  a  needle  they  seize  it  so 
firmly  that  the  branch  can  thus  be  shaken. 

366.  Mr.  Mivart  adduces  this  case  chief- 
ly on  account  of  the  supposed  difficulty 
of  organs,  namely  the  avicularia  of  the 
Polyzoa  and  the  pedicellariae  of  the  Echi- 
nodermata,  which  he  considers  as  "  essen- 
tially similar,"   having    been    developed 
through  natural  selection  in  widely  dis- 
tinct divisions  of  the  animal  kingdom. 
But,  as  far  as  structure  is  concerned,  I  can 
see  no  similarity  between  tridactyle  pedi- 
cellariae and  avicularia.     The  latter  re- 
semble somewhat  more  closely  the  chelae 
or  pincers  of  Crustaceans  ;  and  Mr.  Mivarr 
might  have  adduced  with  equal  appropri- 
ateness this  resemblance  as  a  special  dif- 
ficulty ;  or  even  their  resemblance  to  the 
head  and  beak  of  a  bird.     The  avicularia 
are  believed  by  Mr.  Busk,  Dr.  Smitt,  and 
Dr.  Nitsche — naturalists  who  have  care- 
fully studied  this  group — to  be  homolo- 
gous with  the  zooids  and  their  cells  which 
compose  the  zoophyte ;  the  movable  lip 
or  lid  of  the  cell  corresponding  with  the 
lower  and  movable  mandible  of  the  avic' 
ularium.     Mr.  Busk,  however,  does  not 
know  of  any  gradations  now  existing  be- 
tween a  zooid  and  an  avicularium.     It  i; 
therefore    impossible   to    conjecture    by 
what  serviceable  gradations  the  one  c  »vki 
have  been  converted  into  the  other :  hut 
it  by  no  means  follows  from  this  that  cuch 
gradations  have  not  existed. 


198 


BEACON  LIGHTS  OF  SCIENCE. 


367.  AS  the  chelae  of  Crustaceans  re- 
sembie  in  some  degree  the  avicularia  of 
Polyzoa,  both  serving  as  pincers,  it  may 
be  worth  while  to  show  that  with   the 
former  a  long  series  of  serviceable  grada- 
tions still  exists.     In  the  first  and  simplest 
stage,  the  terminal  segment  of  a   limb 
shuts  down  either  on  the  square  summit 
of  the  broad  penultimate    segment,  or 
against  one  whole  side ;  and  is  thus  en- 
abled to  catch  hold  of  an  object ;  but  the 
limb  still  serves  as  an  organ  of  locomotion. 
We  next  find  one  corner  of  the  broad 
penultimate  segment  slightly  prominent, 
sometimes  furnished  with  irregular  teeth ; 
and  against  these  the  terminal  segment 
shuts  down.     By  an  increase  in  the  size 
of  this  projection,  with  its  shape,  as  well 
as  that  of  the  terminal  segment,  slightly 
modified  and  improved,  the  pincers  are 
rendered  more  and  more  perfect,  until  we 
have  at  last  an  instrument  as  efficient  as 
the  chelae  of  a  lobster  ;  and  all  these  gra- 
dations can  be  actually  traced. 

368.  Besides  the  avicularia,  the  Polyzoa 
possess  curious  organs  called  vibracula. 
These  generally  consist  of  long  bristles, 
capable  of  movement  and  easily  excited. 
In  one  species  examined  by  me  the  vibrac- 
ula were  slightly  curved   and    serrated 
along  the  outer  margin  ;  and  all  of  them 
on  the  same  polyzoary  often  moved  sim- 
ultaneously ;  so  that,  acting  like  long  oars, 
i  hey  swept  a  branch  rapidly  across  the 
object-glass  of  my  microscope.     When  a 
branch  was  placed  on  its  face,  the  vibrac- 
ula became  entangled,  and  they  made  vi- 
olent efforts  to  free  themselves.     They 
are  supposed  to  serve  as  a  defense,  and 
may  be  seen,  as  Mr.  Busk  remarks,  "  to 
sweep  slowly  and  carefully  over  the  sur- 
face of  the    polyzoary,   removing  what 
might  be  noxious  to  the  delicate  inhabit- 
ants of  the  cells  when  their  tentacula  are 
protruded."     The  avicularia,  like  the  vi- 
bracula, probably  serve  for  defense,  but 
they  also  catch  and  kill  small  living  ani- 
mals, which  it  is  believed  are  afterward 
swept  by  the  currents  within  reach  of  the 
tentacula  of  the  zooids.      Some  species 
are  provided  with  avicularia  and  vibracula ; 
some  with  avicularia  alone,  and  a  few  with 
vibracula  alone. 

369.  It  is  not  easy  to  imagine  two  ob- 
jects more  widely  different  in  appearance 
lhan  a  bristle  or  vibraculum,  and  an  avic- 
ularium  like  the  head  of  a  bird ;  yet  they 
are  almost  certainly  homologous  and  have 
been  developed  from  the  same  common 
source,   namely  a    zooid    with    its  cell. 
Hence  we  can  understand  how  it  is  that 
these  organs  graduate  in  some  cases,  as  I 


am  informed  by  Mr.  Busk,  into  each  other 
Thus  with  the  avicularia  of  several  species 
of  Lepralia,  the  movable  mandible  is  so 
much  produced  and  is  so  like  a  bristle, 
that  the  presence  of  the  upper  or  fixed 
beak  alone  serves  to  determine  its  avicu- 
larian  nature.  The  vibracula  may  have 
been  directly  developed  from  the  lips  of 
the  cells,  without  having  passed  through 
the  avicularian  stage  ;  but  it  seems  more 
probable  that  they  have  passed  through 
this  stage,  as  during  the  early  stages  oi 
the  transformation,  the  other  parts  of  the 
cell  with  the  included  zooid  could  hardly 
have  disappeared  at  once.  In  many  cases 
the  vibracula  have  a  grooved  support  at 
the  base,  which  seems  to  represent  the 
fixed  beak  ;  though  this  support  in  some 
species  is  quite  absent.  This  view  of  the 
development  of  the  vibracula,  if  trust- 
worthy, is  interesting ;  for  supposing  that 
all  the  species  provided  with  avicularia 
had  become  extinct,  no  one  with  the  most 
vivid  imagination  would  ever  have  thought 
that  the  vibracula  had  originally  existed  as 
part  of  an  organ,  resembling  a  bird's  head 
or  an  irregular  box  or  hood.  It  is  inter- 
esting to  see  two  such  widely  different 
organs  developed  from  a  common  origin  ; 
and  as  the  movable  lip  of  the  cell  serves 
as  a  protection  to  the  zooid,  there  is  no 
difficulty  in  believing  that  all  the  grada- 
tions, by  which  the  lip  became  converted 
first  into  the  lower  mandible  of  an  avicu- 
larium  and  then  into  an  elongated  bristle, 
likewise  served  as  a  protection  in  different 
ways  and  under  different  circumstances. 


370.  In  the  vegetable  kingdom  Mr. 
Mivart  only  alludes  to  two  cases,  namely 
the  structure  of  the  flowers  of  orchids, 
and  the  movements  of  climbing  plants. 
With  respect  to  the  former,  he  says,  "  the 
explanation  of  their  origin  is  deemed 
thoroughly  unsatisfactory — utterly  insuf- 
ficient to  explain  the  incipient,  infinitesimal 
beginnings  of  structures  which  are  of  util- 
ity only  when  they  are  considerably  de- 
veloped." As  I  have  fully  treated  this 
subject  in  another  work,  I  will  here  give 
only  a  few  details  on  one  alone  of  the  most 
striking  peculiarities  of  the  flowers  of  or- 
chids, namely  their  pollinia.  A  pollinium 
when  highly  developed  consists  of  a  mass 
of  pollen-grains,  affixed  to  an  elastic  foot- 
stalk or  caudicle,  and  this  to  a  little  mass 
of  extremely  viscid  matter.  The  pollinia 
are  by  this  means  transported  by  insects 
from  one  flower  to  the  stigma  of  another. 
In  some  orchids  there  is  no  caudicle  to  the 
pollen-masses,  and  the  grains  are  merely 
tied  together  by  fine  threads ;  but  as  these 
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are  not  confined  to  orchids,  they  need  not 
here  be  considered  ;  yet  I  may  mention 
that  at  the  base  of  the  orchidaceous  series, 
in  Cypripedium,  we  can  see  how  the 
threads  were  probably  first  developed. 
In  other  orchids  the  threads  cohere  at  one 
end  of  the  pollen-masses ;  and  this  forms 
the  first  or  nascent  trace  of  a  caudicle. 
That  this  is  the  origin  of  the  caudicle,  even 
when  cf  considerable  length  and  highly 
developed,  we  have  good  evidence  in  the 
aborted  pollen-grains  which  can  sometimes 
be  detected  embedded  within  the  central 
and  solid  parts. 

371.  With  respect  to  the  second  chief 
peculiarity,  namel '  Jie  little  mass  of  vis- 
cid matter  attaclvxi  to  the  end  of  the 
caudicle,  a  long«sei  r.s  of  gradations  can  be 
specified,  each  of  plain  service  to  the 
plant.  IP  most  flowers  belonging  to 
other  orders  the  stigma  secretes  a  little 
viscid  matter.  Now  in  certain  orchids  sim- 
ilar viscid  matter  is  secreted,  but  in 
much  larger  quantities  by  one  alone  of  the 
three  stigmas ;  and  this  stigma,  perhaps 
in  consequence  of  the  copious  secretion,  is 
rendered  sterile.  When  an  insect  visits  a 
flower  of  this  kind,  it  rubs  off  some  of  the 
viscid  matter  and  thus  at  the  s.ame  time 
drags  away  some  of  the  pollen-grains. 
From  this  simple  condition,  which 
differs  but  little  from  that  of  a  multitude 
of  common  flowers,  there  are  endless  gra- 
dations,— to  species  in  which  the  pollen- 
mass  terminates  in  a  very  short,  free  cau- 
dicle,— to  others  in  which  the  caudicle  be- 
comes firmly  attached  to  the  viscid  matter 
with  the  sterile  stigma  itself  much  modi- 
fied. In  this  latter  case  we  have  a  polli- 
nium  in  its  most  highly  developed  and 
perfect  condition.  He  who  will  carefully 
examine  the  flowers  of  orchids  for  himself 
will  not  deny  the  existence  of  the  above 
series  of  gradations — from  a  mass  of  pol- 
len-grains merely  tied  together  by  threads, 
with  the  stigma  differing  but  little  from 
.'hat  of  an  ordinary  flower  to  a  highly 
tomplex  pollinium,  admirably  adapted  for 
transportal  by  insects ;  nor  will  he  deny 
that  all  the  gradations  in  the  several  spe- 
cies are  admirably  adapted  in  relation  to 
the  general  structure  of  each  flower  for 
its  fertilization  by  different  insects.  In 
this,  and  in  almost  every  other  case,  the 
inquiry  may  be  pushed  further  back- 
ward ;  and  it  may  be  asked  how  did  the 
?tigma  of  an  ordinary  flower  become  vis- 
cid, but  as  we  do  not  know  the  full  his- 
tory of  any  one  group  of  beings,  it  is  as  use- 
less to  ask,  as  it  is  hopeless  to  attempt 
answering,  such  questions. 

372.    We  will  now  turn  to  climbing 


plants.  These  can  be  arranged  in  a  long 
cries,  from  those  which  simply  twine 
round  a  support,  to  those  which  I  have 
called  leaf-climbers,  and  to  those  provided 
with  tendrils.  In  these  two  latter  classes 
;he  stems  have  generally,  but  not  always, 
.ost  the  power  of  twining,  though  they 
retain  the  power  of  revolving,  which  the 
:endrils  likewise  possess.  The  gradations 
from  leaf-climbers  to  tendril-bearers  are 
wonderfully  close,  and  certain  plants  may 
be  indifferently  placed  in  either  class. 
But  in  ascending  the  series  from  simple 
twiners  to  leaf-climbers,  an  important 
quality  is  added,  namely  sensitiveness  to 
a  touch,  by  which  means  the  foot-stalks 
of  the  leaves  or  flowers,  or  these  modified 
and  converted  into  tendrils,  are  excited  to 
bend  round  and  clasp  the  touching  object. 
He  who  will  read  my  memoir  on  these 
plants  will,  I  think,  admit  that  all  the 
many  gradations  in  function  and  structure 
between  simple  twiners  and  tendril- 
bearers  are  in  each  case  beneficial  in  a 
high  degree  to  the  species.  For  instance, 
it  is  clearly  a  great  advantage  to  a  twin- 
ing plant  to  become  a  leaf-climber ;  and 
it  is  probable  that  every  twiner  which 
possessed  leaves  with  long  foot-stalks 
would  have  been  developed  into  a  leaf- 
climber,  if  the  foot-stalks  had  possessed 
in  any  slight  degree  the  requisite  sensi- 
tiveness to  a  touch. 

373.  As  twining  is  the  simplest  means 
of  ascending  a  support,  and  forms  the  ba- 
sis of  our  series,  it  may  naturally  be  asked 
how  did  plants  acquire  this  power  in  an 
incipient  degree,  afterward  to  be  im- 
proved and  increased  through  natural  se- 
lection. The  power  of  twining  depends, 
firstly,  on  the  stems  while  young  being 
extremely  flexible  (but  this  is  a  character 
common  to  many  plants  which  are  not 
climbers)  ;  and,  secondly,  on  their  contin- 
ually bending  to  all  points  of  the  com- 
pass, one  after  the  other  in  succession,  in 
the  same  order.  By  this  movement  the 
stems  are  inclined  to  all  sides,  and  are 
made  to  move  round  and  round.  As 
soon  as  the  lower  part  of  a  stem  strikes 
against  any  object  and  is  stopped,  the 
upper  part  still  goes  on  bending  and  re- 
volving, and  thus  necessarily  twines  round 
and  up  the  support.  The  revolving  move 
ment  ceases  after  the  early  growth  of 
each  shoot.  As  in  many  widely  separated 
families  of  plants,  single  species  and  single 
genera  possess  the  power  of  revolving, 
and  have  thus  become  twiners,  they  must 
have  independently  acquired  it,  and  can- 
not have  inherited  it  from  a  common  pro- 
genitor. Hence  I  was  led  to  predict  that 
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some  slight  tendency  to  a  movement  of 
;his  kind  would  be  found  to  be  far  from 
uncommon  with  plants  which  did  not 
climb;  and  that  this  had  afforded  the 
basis  for  natural  selection  to  work  on  and 
improve.  When  I  made  this  prediction, 
I  knew  of  only  one  imperfect  case,  namely 
of  the  young  flower-peduncles  of  a  Mau- 
randia  which  revolved  slightly  and  irregu- 
larly, like  the  stems  of  twining  plants,  but 
without  making  any  use  of  this  habit. 
Soon  afterward  Fritz  Miiller  discovered 
that  the  young  stems  of  an  Alisma  and  of 
a  Linum, — plants  which  do  not  climb  and 
are  widely  separated  in  the  natural  system, 
—revolved  plainly,  though  irregularly; 
and  he  states  that  he  has  reason  to  sus- 
pect that  this  occurs  with  some  other 
plants.  These  slight  movements  appear 
to  be  of  no  service  to  the  plants  in  ques- 
tion ;  anyhow,  they  are  not  of  the  least 
use  in  the  way  of  climbing,  which  is  the 
point  that  concerns  us.  Nevertheless  we 
can  see  that  if  the  stems  of  these  plants 
had  been  flexible,  and  if  under  the  condi- 
tions to  which  they  are  exposed  it  had 
profited  them  to  ascend  to  a  height,  then 
the  habit  of  slightly  and  irregularly  revolv- 
ing might  have  been  increased  and  util- 
ized through  natural  selection,  until  they 
had  become  converted  into  well-developed 
twining  species. 

374.  With  respect  to  the  sensitiveness 
of  the  foot-stalks  of  the  leaves  and 
flowers,  and  of  tendrils,  nearly  the  same 
remarks  are  applicable  as  in  the  case  of 
the  revolving  movements  of  twining 
plants.  As  a  vast  number  of  species,  be- 
longing to  widely  distinct  groups,  are 
endowed  with  this  kind  of  sensitiveness, 
it  ought  to  be  found  in  a  nascent  condi- 
tion in  many  plants  which  have  not  be- 
come climbers.  This  is  the  case :  I  ob- 
served that  the  young  flower-peduncles 
of  the  above  Maurandia  curved  themselves 
a  little  toward  the  side  which  was 
touched.  Morren  found  in  several  spe- 
cies of  Oxalis  that  the  leaves  and  their 
foot-stalks  moved,  especially  after  expos- 
ure to  a  hot  sun,  when  they  were  gently 
and  repeatedly  touched,  or  when  the 
plant  was  shaken.  I  repeated  these  obser- 
vations on  some  other  species  of  Oxalis 
with  the  same  result ;  in  some  of  them  the 
movement  was  distinct,  but  was  best  seen 
in  the  young  leaves ;  in  others  it  was 
extremely  slight.  It  is  a  more  important 
fact  that  according  to  the  high  authority 


of   Hofmeister,  the    young 
leaves    of   all  plants  move 


shoots    and 
after  being 


shaken ;  and  with  climbing  plants  it  is,  as 
we  know,  only  during  the  early  stages  of 
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growth  that  the  foot-stalks  and  tendrils 
are  sensitive. 

375.  It  is  scarcely   possible  that  the 
above  slight  movements,  due  to  a  touch 
or  shake,  in  the  young  and  growing  organs 
of  plants,  can  be  of  any  functional  impor- 
tance to  them.     But  plants   possess,  in 
obedience  to  various  stimuli,  powers  of 
movement,  which  are  of  manifest  impor- 
tance to  them  ;  for  instance,  toward  and 
more  rarely  from  the  light, — in  opposition 
to,  and  more  rarely  in  the  direction  of,  the 
attraction  of  gravity.     When  the  nerves 
and  muscles  of  an  animal  are  excited  by 
galvanism  or  by  the  absorption  of  strych- 
nine,  the    consequent    movements    may 
be  called  an  incidental  result,  for  the  nerves 
and   muscles  have    not    been    rendered 
specially  sensitive  to  these  stimuli.     So 
with  plants  it  appears  that,  from  having 
the  power  of  movement  in  obedience  to 
certain  stimuli,  they  are  excited  in  an  in- 
cidental manner  by  a  touch,  or  by  being 
shaken.    Hence  there  is  no  great  difficulty 
in   admitting  that  in  the  case  of  leaf- 
climbers  and   tendril-bearers,   it    is  this 
tendency  which  has  been  taken  advantage 
of  and  increased  through  natural  selection. 
It  is,  however,   probable,   from   reasons 
which  I  have  assigned  in  my  memoir,  that 
this  will  have  occurred  only  with  plants 
which  had  already  acquired  the  power  of 
revolving,  and  had  thus  become  twiners. 

376.  I    have    already  endeavored    to 
explain    how    plants     became    twiners, 
namely,  by  the  increase  of  a  tendency  to 
slight  and  irregular  revolving  movements, 
which  were  at  first  of  no  use  to  them ; 
this  movement,  as  well  as  that  due  to  a 
touch  or  shake,  being  the  incidental  result 
of  the  power  of  moving,  gained  for  other 
and  beneficial  purposes.     Whether,  dur- 
ing the  gradual  development  of  climbing 
plants,  natural  selection  has  been  aided 
by  the  inherited  2ffects  of  use,  I  will  not 
pretend  to  decide ;  but  we  know  that  cer- 
tain  periodical  movements,  for  instance 
the  so-called  sleep  of  plants,  are  governed 
by  habit. 

377.  I  have  now  considered  enough, 
perhaps  more  than  enough,  of  the  cases 
selected  with  care  by  a  skilful  naturalist, 
to  prove  that  natural  selection  is  incom- 
petent to  account  for  the  incipient  stages 
of  useful  structures ;  and  I  have  shown, 
as  I  hope,  that  there  is  no  great  difficulty 
on  this  head.    A  good  opportunity  has 
thus  been  afforded  for  enlarging  a  little 
on  gradations  of  structure,  often  associat- 
ed with  changed  functions, — an  impor- 
tant subject,  which  was  not  treated  at  suf- 
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ficient  length  in  the  former  editions  of 
this  work.  I  will  now  briefly  recapitulate 
'he  foregoing  cases. 

378.  With  the  giraffe,  the   continued 
preservation  of  the  individuals  of  some 
extinct  high-reaching  ruminant,  which  had 
the  longest  necks,  legs,  etc.,  and  could 
browse  a  little  above  the  average  height, 
and  the  continued  destruction  of  those 
which  could  not  browse  so  high,  would 
have  sufficed  for  the  production  of  this 
remarkable  quadruped  ;  but  the  prolonged 
use  of  all  the  parts  together  with  inherit- 
ance will  have  aided  in  an  important  man- 
ner   in    their    co-ordination.    With    the 
many  insects  which  imitate  various  ob- 
jects, there  is   no  improbability   in   the 
belief  that  an  accidental  resemblance  to 
some  common  object  was  in  each  case 
the  foundation  for  the  work  of  natural  se- 
lection, since  perfected  through  the  occa- 
sional   preservation  of   slight  variations 
which  made  the  resemblance  at  all  closer ; 
and  this  will  have  been  carried  on  as  long 
as  the  insect  continued  to  vary,  and  as  long 
as  a  more  and  more  perfect  resemblance 
led  to  its  escape  from  sharp-sighted  ene- 
mies.    In  certain  species  of  whales  there 
is  a  tendency  to  the  formation  of  irregular 
little  points  of  horn  on  the  palate  ;  and  it 
seems  to  be  quite  within  the  scope  of  nat- 
ural selection   to   preserve   all   favorable 
variations,  until  the  points  were  converted 
first  into  lamellated  knobs  or  teeth,  like 
those  on  the  beak  of  a  goose, — then  into 
short  lamellae,  like  those  of  the  domestic 
ducks, — and  then  into  lamellae,  as  perfect 
as  those  of  the  shoveler-duck, — and  final- 
ly into  the  gigantic  plates  of  baleen,  as  in 
the  mouth  of  the  Greenland  whale.     In 
the  family  of  the  ducks,  the  lamellae  are 
first  used  as  teeth,  then  partly  as  teeth 
and  partly  as  a  sifting  apparatus,  and  at 
the  last  almost  exclusively  for  this  latter 
purpose. 

379.  With  such  structures  as  the  above 
lamellae  of  horn  or  whalebone,  habit  or 
use  can  have  done  little  or  nothing,  as  far 
as  we  can  judge,  toward  their  develop- 
ment.    On  the  other  hand,  the  transportal 
of  the  lower  eye  of  a  flat-fish  to  the  upper 
side  of  the  head,  and  the  formation  of  a 
prehensile  tail,  may  be  attributed  almost 
wholly  to  continued  use,   together  with 
inheritance.     With  respect  to  the  mam- 
mae   of    the    higher   animals,   the   most 
probable  conjecture  is  that  primordially 
the  cutaneous  glands  over  the  whole  sur- 
face of  a  marsupial  sack  secreted  a  nutri- 
tious fluid;  and  that  these  glands  were 
improved  in  function  through  natural  se- 


lection, and  concentrated  into  a  confined 


area,  in  which  case  they  would  have 
formed  a  mamma.  There  is  no  more 
difficulty  in  understanding  how  the 
branched  spines  of  some  ancient  Echino- 
derm,  which  served  as  a  defense,  became 
developed  through  natural  selection  into 
tridactyle  pedicellariae,  than  in  understand- 
ing the  development  of  the  pincers  of 
crustaceans,  through  slight,  serviceable 
modifications  in  the  ultimate  and  penulti- 
mate segments  of  a  limb,  which  was  at 
first  used  solely  for  locomotion.  In  the 
avicularia  and  vibracula  of  the  Polyzoa  we 
have  organs  widely  different  in  appear- 
ance developed  from  the  same  source  • 
and  with  the  vibracula  we  can  understand 
how  the  successive  gradations  might  have 
been  of  service.  With  the  pollinia  of 
orchids,  the  threads  which  originally 
served  to  tie  together  the  pollen-grains, 
can  be  traced  cohering  into  caudicles  ;  and 
the  steps  can  likewise  be  followed  by 
which  viscid  matter,  such  as  that  secreted 
by  the  stigmas  of  ordinary  flowers,  and 
still  subserving  nearly  but  not  quite  the 
same  purpose,  became  attached  to  the  free 
ends  of  the  caudicles  ; — all  these  grada- 
tions being  of  manifest  benefit  to  the 
plants  in  question.  With  respect  to 
climbing  plants,  I  need  not  repeat  what 
has  been  so  lately  said. 

380.  It  has  often  been  asked,  if  natural 
selection  be  so  potent,  why  has  not  this 
or  that  structure  been  gained  by  certain 
species,  to  which  it  would  apparently 
have  been  advantageous  ?  But  it  is  un- 
reasonable to  expect  a  precise  answer  to 
such  questions,  considering  our  ignorance 
of  the  past  history  of  each  species,  and  of 
the  conditions  which  at  the  present  day 
determine  its  numbers  and  range.  In 
most  cases  only  general  reasons,  but  in 
some  few  cases  special  reasons,  can  be 
assigned.  Thus  to  adapt  a  species  to 
new  habits  of  life,  many  co-ordinated 
modifications  are  almost  indispensable, 
and  it  may  often  have  happened  that  the 
requisite  parts  did  not  vary  in  the  right 
manner  or  to  the  right  degree.  Many 
species  must  have  been  prevented  from 
increasing  in  numbers  through  destructive 
agencies,  which  stood  in  no  relation  to 
certain  structures,  which  we  imagine 
would  have  been  gained  through  natural 
selection  from  appearing  to  us  advanta- 
geous to  the  species.  In  this  case,  as  the 
struggle  for  life  did  not  depend  on  such 
structures,  they  could  not  have  been  ac- 
quired through  natural  selection.  In  many 
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cases  complex  and  long-enduring  condi 
tions,  often  of  a  peculiar  nature,  are  neces- 
sary for  the  development  of  a  structure ; 
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and  the  requisite  conditions  may  seldom 
have  concurred.  The  belief  that  any  given 
structure,  which  we  think,  often  errone- 
ously, would  have  been  beneficial  to  a 
species,  would  have  been  gained  under  all 
circumstances  through  natural  selection, 
is  opposed  to  what  we  can  understand  of 
its  manner  of  action.  Mr.  Mivart  does 
not  deny  that  natural  selection  has  ef- 
fected something  ;  but  he  considers  it  as 
"  demonstrably  insufficient  "  to  account 
for  the  phenomena  which  I  explain  by  its 
agency.  His  chief  arguments  have  now 
been  considered,  and  the  others  will  here- 
after be  considered.  They  seem  to  me  to 
partake  little  of  the  character  of  demon- 
stration, and  to  have  little  weight  in  com- 
parison with  those  in  favor  of  the  power 
of  natural  selection,  aided  by  the  other 
agencies  often  specified.  I  am  bound  to 
add,  that  some  of  the  facts  and  arguments 
here  used  by  me,  have  been  advanced  for 
the  same  purpose  in  an  able  article  lately 
published  in  the  '  Medico-Chirurgical  Re- 
view.' 

381.  At  the  present  day  almost  all  nat- 
uralists admit  evolution  under  some  form. 
Mr.  Mivart  believes  that  species  change 
through  "  an  internal  force  or  tendency," 
about  which  it  is  not  pretended  that  any- 
thing is  known.     That  species   have  a 
capacity  for  change  will  be  admitted  by 
all  evolutionists  ;  but  there  is  no  need,  as 
it  seems  to  me,  to  invoke  any  internal 
force  beyond  the   tendency  to  ordinary 
variability,  which  through  the  aid  of  se- 
lection by  man  has  given  rise  to  many 
well-adapted  domestic  races,  and  which 
through  the  aid  of  natural  selection  would 
equally  well  give  rise  by  graduated  steps 
to   natural   races   or  species.     The  final 
result  will  generally  have  been,  as  already 
explained,  an  advance,  but  in  some  few 
cases  a  retrogression,  in  organization. 

382,  Mr.  Mivart  is  further  inclined  to 
believe,  and  some  naturalists  agree  with 
him,  that  new  species  manifest  themselves 
"  with  suddenness  and  by  modifications 
appearing  at  once."     For    instance,   he 
supposes  that  the  differences  between  the 
extinct    three-toed    Hipparion    and    the 
horse  arose  suddenly.     He  thinks  it  diffi- 
cult to  believe  that  the  wing  of  a  bird 
"  was  developed  in  any  other  way  than 
by  a  comparatively  sudden  modification 
of  a  marked  and  important  kind  ;  "  and 
apparently  he  would   extend  the    same 


view  to  the  wings  of  bats  and  pterodac- 


tyles.  This  conclusion,  which  implies 
great  breaks  or  discontinuity  in  the  series, 
appears  to  me  improbable  in  the  highest 
degree. 


383.  Every  one  who  believes  in  slow 
and  gradual  evolution,  will  of  course  ad- 
mit that  specific  changes  may  have  been 
as  abrupt  and  as  great  as  any  single  vari- 
ation which  we  meet  with  under  nature, 
or   even    under    domestication.    But  as 
species  are  more  variable  when  domesti- 
cated or  cultivated  than  under  their  natu- 
ral conditions,  it  is  not  probable  that  such 
great  and  abrupt  variations  have  often  oc- 
curred under  nature,  as  are  known  occa- 
sionally to  arise  under  domestication.     Of 
these  latter  variations  several  may  be  at- 
tributed to  reversion  ;  and  the  characters 
which  thus  reappear  were,  it  is  probable, 
in  many  cases  at  first  gained  in  a  gradual 
manner.     A  still  greater  number  must  be 
called  monstrosities,  such  as  six-fingered 
men,  porcupine  men,  Ancon  sheep,  Niata 
cattle,  etc.,  and  as  they  are  widely  differ- 
ent in  character  from  natural    species, 
they  throw  very  little  light  on  our  subject. 
Excluding  such  cases  of  abrupt  variations, 
the  few  which  remain  would  at  best  con- 
stitute, if  found  in  a  state  of  nature,  doubt- 
ful species,  closely  related  to  their  parental 
types. 

384.  My  reasons  for  doubting  whether 
natural  species  have  changed  as  abruptly 
as  have  occasionally,  domestic  races,  and 
for  entirely  disbelieving  that  they  have 
changed  in  the  wonderful  manner  indi- 
cated by  Mr.  Mivart,  are  as  follows.     Ac- 
cording  to  our  experience,  abrupt  and 
strongly  marked  variations  occur  in  our 
domesticated  productions,  singly  and  at 
rather  long  intervals  of  time.     If  such 
occurred  under  nature,  they  would  be  lia- 
ble, as  formerly  explained,  to  be  lost  by 
accidental  causes  of  destruction  and  by 
subsequent   inter-crossing ;   and  so  it  is 
known  to  be  under  domestication,  unless 
abrupt  variations  of  this  kind  are  specially 
preserved  and  separated  by  the  care  of 
man.     Hence  in  order  that  a  new  species 
should  suddenly  appear  in  the  manner 
supposed   by   Mr.    Mivart,   it  is    almost 
necessary  to  believe,  in  opposition  to  all 
analogy,  that  several  wonderfully  changed 
individuals  appeared  simultaneously  with- 
in the  same  district.     This  difficulty,  as 
in  the  case  of  unconscious  selection  by 
man,  is  avoided  on  the  theory  of  gradual 
evolution,  through  the  preservation  of  a 
large  number  of  individuals,  which  varied 
more  or  less  in  any  favorable  direction,  and 
of  the  destruction  of  a    large    number 
which  varied  in  an  opposite  manner. 


385.  That    many    species    have    been 
evolved  in  an  extremely  gradual  manner, 
there  can  hardly  be  a  doubt.    The  species 
and  even  the  genera  of  many  large  natu- 
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a(  families  are  so  closely  allied  together,   gies,  as  they  have  been  shown  to  be  by 
K^  ;»  ;«-  ^;ffi^,,u  ^  ,j,w; ,-c.v,  „„,.  „  t-m    Mr  Chauncey  Wright,  which  have  been 


that  it  is  difficult  to  distinguish  not  a  few 
of  them.  On  every  continent  in  proceed- 
ing from  north  to  south,  from  lowland  to 
upland,  etc.,  we  meet  with  a  host  of 
closely  related  or  representative  species  ; 
as  we  likewise  do  on  certain  distinct  conti- 
nents, which  we  have  reason  to  believe 
were  lormerly  connected.  But  in  making 
these  and  the  following  remarks,  I  am 
compelled  to  allude  to  subjects  hereafter 
to  be  discussed.  Look  at  the  many  out- 
lying islands  round  a  continent,  and  see 
how  many  of  their  inhabitants  can  be 
raised  only  to  the  rank  of  doubtful  species. 
So  it  is  if  we  look  to  past  times,  and  com- 
pare the  species  which  have  just  passed 
away  with  those  still  living  within  the 
same  areas ;  or  if  we  compare  the  fossil 
species  embedded  in  the  sub-stages  of  the 
same  geological  formation.  It  is  indeed 
manifest  that  multitudes  of  species  are 


related 
species 


in  the  closest  manner  to 
that   still   exist,    or   have 


other 
lately 


existed ;  and  it  will  hardly  be  maintained 
that  such  species  have  been  developed  in 
an  abrupt  or  sudden  manner.  Nor  should 
it  be  forgotten,  when  we  look  to  the 
special  parts  of  allied  species,  instead  of 
to  distinct  species,  that  numerous  and 
wonderfully  fine  gradations  can  be  traced, 
connecting  together  widely  different 
structures. 

386.  Many  large  groups  of  facts  are 
intelligible  only  on    the    principle    that 
species  have  been  evolved  by  very  small 
steps.     For    instance,  the   fact  that  the 
species  included  in  the  larger  genera  are 
more  closely  related  to  each  other,  and 
present    a  greater  number  of  varieties 
than  do  the  species  in  the  smaller  genera. 
The  former  are   also  grouped   in   little 
clusters,  like  varieties  round  species  ;  and 
they  present  other  analogies  with  varie- 
ties, as  was  shown  in  our  second  chapter. 
On  this  same  principle  we  can  understand 
how  it  is  that  specific  characters  are  more 
variable  than  generic  characters ;  and  how 
the  parts  which  are  developed  in  an  ex- 
traordinary degree  or  manner  are  more 
variable 

species. 

ing  in  the  same  direction,  could  be  added. 

387.  Although  very  many  species  have 
almost  certainly  been  produced  by  steps 

fine 
that 

some  have  been  developed  in  a  different 
Kod  abrupt  manner.  Such  an  admission, 
nowever,  ought  not  to  be  made  without 
.*».rong  evidence  being  assigned.  The 
and  in  some  respects  false  analo- 


than   other   parts  of  the    same 
Many  analogous  facts,  all  point- 


not   greater   than   those   separating 
vavieties ;  yet  it  may  be  maintained 


advanced  in  favor  of  this  view,  such  as 
the  sudden  crystallization  of  inorganic 
substances,  or  the  falling  of  a  facetted 
spheroid  from  one  facet  to  another,  hardly 
deserve  consideration.  One  ciass  of  facts, 
however,  namely,  the  sudden  appearance 
of  new  and  distinct  forms  of  life  in  our 
geological  formations  supports  at  first 
sight  the  belief  in  abrupt  development. 
But  the  value  of  this  evidence  depends 
entirely  on  the  perfection  of  the  geo- 
logical record,  in  relation  to  periods 
remote  in  the  history  of  the  world.  If 
the  record  is  as  fragmentary  as  many 
geologists  strenuously  assert,  there  is 
nothing  strange  in  new  forms  appearing 
as  if  suddenly  developed. 

388.  Unless  v/e  admit  transformations 
as  prodigious  as  those  advocated  by  Mr. 
Mivart,  such  as  the  sudden  development 
of   the   wings   of  birds   or  bats,  or  the 
sudden  conversion  of  a  Hipparion  into  a 
horse,  hardly  any  light  is  thrown  by  the 
belief  in  abrupt    modifications    on    the 
deficiency  of  connecting  links  in  our  geo- 
logical formations.     But  against  the  be- 
lief in  such  abrupt  changes,  embryology 
enters  a  strong  protest.     It  is  notorious 
that  the  wings  of  birds  and  bats,  and  the 
legs  of  horses  or  other  quadrupeds,  are 
undistinguishable  at  an  early  embryonic 
period,  and  that  they  become  differen- 
tiated by  insensibly  fine  steps.     Embryo- 
logical  resemblances  of  all  kinds  can  be 
accounted  for,  as  we  shall  hereafter  see, 
by  the  progenitors  of  our  existing  species 
having   varied    after    early    youth,   and 
having  transmitted  their  newly  acquired 
characters  to  their  offspring,  at  a  corre- 
sponding age.     The  embryo  is  thus  left 
almost  unaffected,  and  serves  as  a  record 
of  the   past  condition  of    the    species. 
Hence  it  is  that  existing  species  during 
the  early  stages  of  their  development  so 
often  resemble  ancient  and  extinct  forms 
belonging  to  the  same  class.    On   this 
view  of  the   meaning  of  embryological 
resemblances,  and  indeed  on  any  view,  it 
is  incredible  that  an  animal  should  have 
undergone  such  momentous  and  abrupt 
transformations,  as  those  above  indicated  ; 
and  yet  should  not  bear  even  a  trace  in 
its  embryonic  condition   of  any  sudden 
modification  ;  every  detail  in  its  structure 
being  developed  by  insensibly  fine  steps. 

389.  He  who  believes  that  some  ancient 
form  was  transformed  suddenly  through 
an   internal   force  or  tendency  into,  for 
instance,  one  furnished  with  wings,  wiU 
be  almost  compelled  to  assume,  in  x>oo- 
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aition  to  all  analogy,  that  many  indi- 
viduals varied  simultaneously.  It  cannot 
be  denied  that  such  abrupt  and  great 
changes  of  structure  are  widely  different 
from  tu-^se  which  most  species  apparently 
have  undergone.  He  will  further  be 
compelled  to  believe  that  many  structures 
beautifully  adapted  to  all  the  other  parts 
of  the  same  creature  and  to  the  surround- 
ing conditions,  have  been  suddenly  pro- 
duced ;  and  of  such  complex  and  wonder- 
ful co-adaptations,  he  will  not  be  able  to 
assign  a  shadow  of  an  explanation.  He 
will  be  forced  to  admit  that  these  great 
and  sudden  transformations  have  left  no 
trace  of  their  action  on  the  embryo.  To 
admit  all  this  is,  as  it  seems  to  me,  to 
enter  into  the  realms  of  miracle,  and  to 
leave  those  of  Science. 


CHAPTER  VIII. 

INSTINCT. 

Instincts  comparable  with  habits,  but  different  In 
their  origin — Instincts  graduated — Aphides  and 
ants — Instincts  variable — Domestic  instincts, 
their  origin— Natural  instincts  of  the  cuckoo, 
molothrus,  ostrich,  and  parasitic  bees— Slave- 
making  ants— Hive-bee,  its  cell-making  instinct 
— Changes  of  instinct  and  structure  not  neces- 
sarily simultaneous— Difficulties  of  the  theory 
of  the  Natural  Selection  of  instincts — Neuter  or 
sterile  insects— Summary. 

390.  MANY  instincts  are  so  wonderful 
that  their  development  will  probably  ap- 
pear to  the  reader  a  difficulty  sufficient 
to  overthrow  my  whole  theory.     I   may 
here  premise,  that  1  have  nothing  to  do 
with  the  origin  of  the  mental  powers,  any 
more  than  I  have  with  that  of  life  itself. 
We  are  concerned  only  with  the  diversi- 
ties of  instinct  and  of  the  other  mental 
faculties  in  animals  of  the  same  class. 

391.  I  will  not  attempt  any  definition 
of  instinct.     It  would  be  easy  to  show 
that  several  distinct  mental  actions  are 
commonly  embraced  by  this  term;  but 
every  one  understands  what  is  meant, 
when  it  is  said  that  instinct  impels  the 
cuckoo  to  migrate  and  to  lay  her  eggs  in 
other  birds'  nests.     An  action,  which  we 
ourselves  require  experience   to   enable 
us  to   perform,  when  performed   by  an 
animal,  more  especially  by  a  very  young 
one,  without  experience,  and  when  per- 
formed by  many  individuals  in  the  same 
way,  without  their    knowing    for  what 
purpose  it  is  performed,  is  usually  said  to 
be  instinctive.    But  I  could  show  that 
none  of  these  characters  are  universal. 
A  JjttJe  dow  ^  Judgment  or  reason,  & 


Pierre  Huber  expresses  H,  often  cornea 
into  play,  even  with  animals  low  in  the 
scale  of  nature. 

392.  Frederick  Cuvier  and  several   of 
the  older  metaphysicians  have  compared 
instinct  with    habit.     This  comparison 
gives,  I  think,  an  accurate  notion  of  the 
frame  of  mind  under  which  an  instinctive 
action  is  performed,  but  not  necessarily 
of  its  origin.     How  unconsciously  many 
habitual   actions  are   performed,  indeed 
not  rarely  in  direct  opposition  to  our  con- 
scious will !  yet  they  may  be  modified  by 
the  will  or  reason.     Habits  easily  become 
associated  with  other  habits,  with  certain 
periods  of  time,  and  states  of  the  body. 
When  once  acquired,  they  often  remain 
constant  throughout  life.     Several  other 
points  of  resemblance  between  instincts 
and  habits  could  be  pointed  out.     As  in 
repeating  a  well-known  song,  so  in  in- 
stincts, one  action  follows  another  by  a 
sort  of  rhythm  ;  if  a  person  be  interrupted 
in  a  song,  or  in  repeating  anything  by 
rote,  he  is  generally  forced  to  go  back  to 
recover  the  habitual  train  of  thought :  so 
P.  Huber  found  it  was  with  a  caterpillar, 
which  makes  a  very  complicated   ham- 
mock ;  for  if  he  took  a  caterpillar  which 
had  completed  its  hammock  up  to,  say, 
the  sixth  stage  of  construction,  and  put  it 
into  a  hammock  completed  up  only  to 
the  third  stage,  the  caterpillar  simply  re- 
performed   the    fourth,    fifth,   and  sixth 
stages   of  construction.     If,  however,  a 
caterpillar  were  taken  out  of  a  hammock 
made  up,  for  instance,  to  the  third  stage, 
and  were  put  into  one  finished  up  to  the 
sixth  stage,  so  that  much  of  its  work  was 
already  done  for  it,  far  from  deriving  any 
benefit  from  this,  it  was  much  embar- 
rassed, and  in  order  to  complete  its  ham- 
mock, seemed  forced  to  start  from  the 
third  stage,  where  it  had  left  off,  and  thus 
tried  to  complete  the  already  finished  work. 

393.  If  we  suppose  any  habitual  action 
to  become  inherited — and  it  can  be  shown 
that  this  does  sometimes  happen — then 
the  resemblance  between  what  originally 
was  a  habit  and  an  instinct  becomes  so 
close  as  not    to    be   distinguished.      If 
Mozart,  instead  of  playing  the  pianoforte 
at  three  years  old  with  wonderfully  little 
practice,  had  played  a  tune  with  no  prac- 
tice at  all,  he  might  truly  be  said  to  have 
done  so  instinctively.     But  it  would  be  a 
serious  error  to  suppose  that  the  greater 
number  of  instincts  have  been  acquired 
by  habit   in   one    generation,   and   then 
transmitted  by  inheritance  to  succeeding 
generations.     It  can   be   clearly  shown 
that  the  most  wonderful  instincts  with 
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which  we  are  acquainted,  namely,  those 
of  the  hive-bee  and  of  many  ants,  could 
not  possibly  have  been  acquired  by  habit. 

394.  It  will  be  universally  admitted  that 
instincts   are   as  important  as  corporeal 
structures  for  the  welfare  of  each  species, 
under    its    present     conditions    of     life. 
Under  changed  conditions  of  life,  it  is  at 
least  possible  that  slight  modifications  of 
instinct  might  be  profitable  to  a  species  ; 
and  if  it  can  be  shown  that  instincts  do 
vary  ever   so   little,    then  I   can  see  no 
difficulty  in  natural  selection  preserving 
and   continually  accumulating  variations 
of  instinct  to  any  extent  that  was  profit- 
able.    It  is  thus,  as  I  believe,  that  all  the 
most   complex  and  wonderful   instincts 
have    originated.      As  modifications  of 
corporeal  structure  arise  from,  and  are 
increased  by,  use  or  habit,  and  are  dimin- 
ished or  lost  by  disuse,  so  I  do  not  doubt 
it  has  been  with  instincts.      But  I  believe 
that  the  effects  of  habit  are  in  many  cases 
of  subordinate  importance  to  the  effects 
ot  the  natural  selection  of  what  may  be 
called  spontaneous  variations  of  instincts  ; 
—that  is  of  variations  produced  by  the 
same    unknown    causes  which   produce 
slight  deviations  of  bodily  structure. 

395.  No  complex  instinct  can  possibly 
be  produced  through  natural  selection,  ex- 
cept by  the  slow  and  gradual  accumula- 
tion of  numerous  slight,  yet  profitable, 
variations.     Hence  as  in  the  case  of  cor- 
poreal structures,  we  ought  to  find  in  na- 
ture, not  the  actual  transitional  gradations 
by  which  each  complex  instinct  has  been 
acquired — for  these  could  be  found  only 
in  the  lineal  ancestors  of  each  species — 
but  we  ought  to   find  in   the   collateral 
lines  of  descent  some  evidence  of  such 
gradations ;  or  we  ought  at  least  to  be 
able  to  show  that  gradations  of  some  kind 
are  possible ;  and  this  we   certainly  can 
do.     1  have  been  surprised  to  find,  mak- 
ing allowance  for  the  instincts  of  animals 
having  been  but  little  observed  except  in 
Europe  and  North  America,  and  for  no 
instinct  being  known  among  extinct  spe- 
cies, how  very  generally  gradations,  lead- 
ing to  the  most  complex  instincts,  can  be 
discovered.      Changes   of  instinct    may 
sometimes  be  facilitated  by  the  same  spe- 
cies having  different  instincts  at  different 
periods  of  life,  or  at  different  seasons  of 
the  year,  or  when  placed  under  different 
circumstances,  etc.;  in  which  case  either 
the  one  or  the  other  instir  :t  might  be  pre- 
served by  natural  selection.    And  such  in- 
stances of  diversity  of  instinct  in  the  same 
species  can  be  shown  to  occur  in  nature. 

396.  Again,  as  in  the  case  01  corporeal 
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structure,  and  conformably  to  my  theory, 
the  instinct  of  each  species  is  good  for  it- 
self, but  has  never,  as  far  as  we  can  judge, 
been  produced  for  the  exclusive  good  of 
others.  One  of  the  strongest  instances 
of  an  animal  apparently  performing  an 
action  for  the  sole  good  of  another,  with 
which  I  am  acquainted,  is  that  of  aphides 
voluntarily  yielding,  as  was  first  observed 
by  Huber,  their  sweet  excretion  to  ants  : 
that  they  do  so  voluntarily,  the  following 
facts  show.  I  removed  all  the  ants  from 
a  group  of  about  a  dozen  aphides  on  a 
dock-plant,  and  prevented  their  attend- 
ance during  several  hours.  After  this  in- 
terval 1  felt  sure  that  the  aphides  would 
want  to  excrete.  I  watched  them  for  some 
time  through  a  lens,  but  not  one  excreted  ; 
I  then  tickled  and  stroked  them  with  a  hair 
in  the  same  manner,  as  well  as  I  could, 
as  the  ants  do  with  their  antennae  ;  but 
not  one  excreted.  Afterward  I  allowed 
an  ant  to  visit  them,  and  it  immediate- 
ly seemed,  by  its  eager  way  of  running 
about,  to  be  well  aware  what  a  rich  flock 
it  had  discovered  ;  it  then  began  to  play 
with  its  antennas  on  the  abdomen  first  of 
one  aphis  and  then  of  another  ;  and  each, 
as  soon  as  it  felt  the  antennas,  immediate- 
ly lifted  up  its  abdomen  and  excreted  a 
limpid  drop  of  sweet  juice,  which  was 
eagerly  devoured  by  the  ant.  Even  the 
quite  young  aphides  behaved  in  this  man- 
ner, snowing  that  the  action  was  instinct- 
ive, and  not  the  result  of  experience.  It 
is  certain  from  the  observations  of  Huber, 
that  the  aphides  show  no  dislike  to  the 
ants  :  if  the  latter  be  not  present  they 
are  at  last  compelled  to  eject  their  excre- 
tion. But  as  the  excretion  is  extremely 
viscid,  it  is  no  doubt  a  convenience  to  the 
aphides  to  have  it  removed  ;  therefore 
probably  they  do  not  excrete  solely  for 
the  good  of  the  ants.  Although  there  is 
no  evidence  that  any  animal  performs  an 
action  for  the  exclusive  good  of  another 
species,  yet  each  tries  to  take  advantage 
of  the  instincts  of  others,  as  each  takes 
advantage  of  the  weaker  bodily  struct 
ure  of  other  species.  So  again  certain 
instincts  cannot  be  considered  as  abso- 
lutely perfect  ;  but  as  details  on  this  and 
other  such  points  are  not  indispensable, 
they  may  be  here  passed  over. 

397.  As  some  degree  of  variation  in  in- 
stincts under  a  state  of  nature,  and  the  in- 
heritance of  such  variations,  are  indis- 
pensable for  the  action  of  natural  selec- 
tion, as  many  instances  as  possible  ought 
to  be  given  ;  but  want  of  space  prevents 
me.  I  can  only  assert  that  instincts  cer- 
tainly do  vary — for  instance,  the  migra* 
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tory  instinct,  both  in  extent  and  direction, 
and  in  its  total  loss.  So  it  is  with  the 
nests  of  birds,  which  vary  partly  in  de- 
pendence on  the  situations  chosen,  and 
on  the  nature  and  temperature  of  the 
country  inhabited,  but  often  from  causes 
wholly  unknown  to  us  :  Audubon  has 
given'  several  remarkable  cases  of  differ- 
ences in  the  nests  of  the  same  species  in 
the  northern  and  southern  United  States. 
Why,  it  has  been  asked,  if  instinct  be  va- 
riable, has  it  not  granted  to  the  bee  "  the 
ability  to  use  some  other  material  when 
wax  was  deficient  "  ?  But  what  other  nat- 
ural material  could  bees  use  ?  They  will 
work,  as  I  have  seen,  with  wax  hardened 
with  vermilion  or  softened  with  lard. 
Andrew  Knight  observed  that  his  bees 
instead  of  laboriously  collecting  propolis, 
used  a  cement  of  wax  and  turpentine,  with 
which  he  had  covered  decorticated  trees. 
It  has  lately  been  shown  that  bees,  instead 
of  searching  for  pollen,  will  gladly  use  a 
very  different  substance,  namely  oatmeal. 
Fear  of  any  particular  enemy  is  certainly 
an  instinctive  quality,  as  may  be  seen  in 
nestling  birds,  though  it  is  strengthened 
by  experience,  and  by  the  sight  of  fear  of 
the  same  enemy  in  other  animals.  The 
fear  of  man  .is  slowly  acquired,  as  I  have 
elsewhere  shown,  by  the  various  animals 
which  inhabit  desert  islands ;  and  we  see 
an  instance  of  this  even  in  England,  in 
the  greater  wildness  of  all  our  large  birds 
in  comparison  with  our  small  birds  ;  for 
the  large  birds  have  been  most  persecut- 
ed by  man.  We  may  safely  attribute  the 
greater  wildness  of  our  large  birds  to  this 
cause  ;  for  in  uninhabited  islands  large 
birds  are  not  more  fearful  than  small  ; 
and  the  magpie,  so  wary  in  England,  is 
tame  in  Norway,  as  is  the  hooded  crow 
in  Egypt. 

398.  That  the  mental  qualities  of  ani- 
mals of  the  same  kind,  born  in  a  state  of 
nature,  vary  much,  could  be  shown  by 
many  facts.  Several  cases  could  also  be 
adduced  of  occasional  and  strange  habits 
in  wild  animals,  which,  if  advantageous 
to  the  species,  might  have  given  rise, 
through  natural  selection,  to  new  in- 
stincts. But  I  am  well  aware  that  these 
general  statements,  without  the  facts  in 
detail,  will  produce  but  a  feeble  effect  on 
the  reader's  mind.  I  can  only  repeat  my 
assurance,  that  I  do  not  speak  without 
good  evidence. 

Inherited  Changes  of  Habit  or  Instinct 
in  Domesticated  Animals. 

399-  .The  possibility,  or  even  probabil- 
ity, of  inherited  variations  of  instinct  in  a 
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state  of  nature  wfll  be  strengthened  by 
briefly  considering  a  few  cases  under  do- 
mestication. We  shall  thus  be  enabled 
to  see  the  part  which  habit  and  the  selec- 
tion of  so-called  spontaneous  variations 
have  played  in  modifying  the  mental 
qualities  of  our  domestic  animals.  It  is 
notorious  how  much  domestic  animals 
vary  in  their  mental  qualities.  With 
cats,  for  instance,  one  naturally  takes  to 
catching  rats,  and  another  mice,  and 
these  tendencies  are  known  to  be  inher- 
ited. One  cat,  according  to  Mr.  St. 
John,  always  brought  home  game-birds, 
another  hares  or  rabbits,  and  another 
hunted  on  marshy  ground  and  almost 
nightly  caught  woodcocks  or  snipes.  A 
number  of  curious  and  authentic  in. 
stances  could  be  given  of  various  shades 
of  disposition  and  of  taste,  and  likewise 
of  the  oddest  tricks,  associated  with  cer- 
tain frames  of  mind  or  periods  of  time, 
being  inherited.  But  let  us  look  to  the 
familiar  case  of  the  breeds  of  the  dog  ;  it 
cannot  be  doubted  that  young  pointers  (I 
have  myself  seen  a  striking  instance)  will 
sometimes  point  and  even  back  other 
dogs  the  very  first  time  that  they  are 
taken  out ;  retrieving  is  certainly  in  some 
degree  inherited  by  retrievers ;  and  a 
tendency  to  run  round,  instead  of  at,  a 
flock  of  sheep,  by  shepherd-dogs.  I  can- 
not see  that  these  actions,  performed 
without  experience  by  the  young,  and  in 
nearly  the  same  manner  by  each  individ- 
ual, performed  with  eager  delight  by  each 
breed,  and  without  the  end  being  known 
— for  the  young  pointer  can  no  more 
know  that  he  points  to  aid  his  master, 
than  the  white  butterfly  knows  why  she 
lays  her  eggs  on  the  leaf  of  the  cabbage 
— I  cannot,  see  that  these  actions  differ 
essentially  from  true  instincts.  If  we 
were  to  behold  one  kind  of  wolf,  when 
young  and  without  any  training,  as  soon 
as  it  scented  its  Drey,  stand  motionless 
like  a  statue,  ana  then  slowly  crawl  for- 
ward with  a  peculiar  gait;  and  another 
kind  of  wolf  rushing  round,  instead  of  at, 
a  herd  of  deer,  and  driving  them  to  a 
distant  point;  we  should  assuredly  call 
these  actions  instinctive.  Domestic  in- 
stincts, as  they  may  be  called,  are  cer- 
tainly far  less  fixed  than  natural  in- 
stincts ;  but  they  have  been  acted  on  by 
far  less  rigorous  selection,  and  have  been 
transmitted  for  an  incomparably  short- 
er period,  under  less  fixed  conditions  of 
life. 

400.  How  strongly  these  domestic  in- 
stincts, habits,  and  dispositions  are  in- 
herited, and  how  curiously  they  become 
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mingled,  is  well  shown  when  different 
breeds  of  dogs  are  crossed.  Thus  it  is 
known  that  a  cross  with  a  bull-dog  has 
affected  for  many  generations  the  cour- 
age and  obstinacy  of  greyhounds ;  and  a 
cross  with  a  greyhound  has  given  to  a 
whole  family  of  shepherd-dogs  a  tend- 
ency to  hunt  hares.  These  domestic  in- 
stincts, when  thus  tested  by  crossing,  re- 
semble natural  instincts,  which  in  a  like 
manner  become  curiously  blended  to- 
gether, and  for  a  long  period  exhibit 
traces  of  the  instincts  of  either  parent : 
for  example,  Le  Roy  describes  a  dog, 
whose  great-grandfather  was  a  wolf,  and 
this  dog  showed  a  trace  of  its  wild  par- 
entage only  in  one  way,  by  not  coming 
in  a  straight  line  to  his  master,  when 
called. 

401.  Domestic  instincts  are  sometimes 
spoken  of  as  actions  which  have  become 
inherited  solely  from  long-continued  and 
compulsory  habit;  but  this  is  not  true. 
No  one  would  ever  have  thought  of 
teaching,  or  probably  could  have  taught, 
the  tumbler-pigeon  to  tumble, — an  action 
which,  as  I  have  witnessed,  is  performed 
by  young  birds,  that  have  never  seen  a 
pigeon  tumble.  We  may  believe  that 
some  one  pigeon  showed  a  slight  tend- 
ency to  this  strange  habit,  and  that  the 
long-continued  selection  of  the  best  in- 
dividuals in  successive  generations  made 
tumblers  what  they  now  are ;  and  near 
Glasgow  there  are  house-tumblers,  as  I 
hear  from  Mr.  Brent,  which  cannot  fly 
eighteen  inches  high  without  going  head 
over  heels.  It  may  be  doubted  whether 
any  one  would  have  thought  of  training 
a  dog  to  point,  had  not  some  one  dog 
naturally  shown  a  tendency  in  this  line ; 
and  this  is  known  occasionally  to  happen, 
as  I  once  saw,  in  a  pure  terrier :  the  act 
of  pointing  is  probably,  as  many  have 
thought,  only  the  exaggerated  pause  of 
an  animal  preparing  to  spring  on  its 
prey.  When  the  first  tendency  to  point 
was  once  displayed,  methodical  selection 
and  the  inherited  effects  of  compulsory 
training  in  each  successive  generation 
would  soon  complete  the  work ;  and  un- 
conscious selection  is  still  in  progress,  as 
each  man  tries  to  procure,  without  in- 
tending to  improve  the  breed,  dogs  which 
stand  and  hunt  best.  On  the  other  hand, 
habit  alone  in  some  cases  has  sufficed ; 
hardly  any  animal  is  more  difficult  to 
tame  than  the  young  of  the  wild  rabbit ; 
scarcely  any  animal  is  tamer  than  the 
young  of  the  tame  rabbit ;  but  I  can 
hardly  suppose  that  domestic  rabbits 
have  often  been  selected  for  lameness 


alone ;  so  that  we  must  attribute  at  least 
the  greater  part  of  the  inherited  change 
from  extreme  wildness  to  extreme  tame- 
ness,  to  habit  and  long-continued  close 
confinement 

402.  Natural  instincts  are  lost  under 
domestication :  a  remarkable  instance  of 
this  is  seen  in  those  breeds  of  fowls 
which  very  rarely  or  never  become 
"  broody,"  that  is,  never  wish  to  sit  on 
their  eggs.  Familiarity  alone  prevents 
our  seeing  how  largely  and  how  perma- 
nen*ly  the  minds  of  our  domestic  animals 
havf  been  modified.  It  is  scarcely  pos- 
sible to  doubt  that  the  love  of  man  has 
become  instinctive  in  the  dog.  All 
wolves,  foxes,  jackals,  and  species  of  the 
cat  genus,  when  kept  tame,  are  most 
eager  to  attack  poultry,  sheep  and  pigs ; 
and  this  tendency  has  been  found  incura- 
ble in  dogs  which  have  been  brought 
home  as  puppies  from  countries  such  as 
Tierra  del  Fuego  and  Australia,  where 
the  savages  do  not  keep  these  domestic 
animals.  How  rarely,  on  the  other  hand, 
do  our  civilized  dogs,  even  when  quite 
young,  require  to  be  taught  not  to  attack 
poultry,  sheep,  and  pigs  !  No  doubt  they 
occasionally  do  make  an  attack,  and  are 
then  beaten;  and  if  not  cured,  they  are 
destroyed;  so  that  habit  and  some  de- 
gree of  selection  have  probably  concurred 
in  civilizing  by  inheritance  our  dogs.  On 
the  other  hand,  young  chickens  have  lost, 
wholly  by  habit,  that  fear  of  the  dog  and 
cat  which  no  doubt  was  originally  in- 
stinctive in  them ;  for  I  am  informed  by 
Captain  Hutton  that  the  young  chickens 
of  the  parent-stock,  the  Gallus  bankiva, 
when  reared  in  India  under  a  hen,  are  at 
first  excessively  wild.  So  it  is  with 
young  pheasants  reared  in  England  un- 
der a  hen.  It  is  not  that  chickens  have 
lost  all  fear,  but  fear  only  of  dogs  and 
cats,  foi  if  the  hen  gives  the  danger- 
chuckle,  they  will  run  (more  especially 
young  turkeys)  from  under  her,  and  con- 
ceal themselves  in  the  surrounding  grass 
or  thickets  ;  and  this  is  evidently  done  for 
the  instinctive  purpose  of  allowing,  as  we 
see  in  wild  ground-birds,  their  mother  to 
fly  away.  But  this  instinct  retained  by  our 
chickens  has  become  useless  under  do- 
mestication, for  the  mother-hen  has  al- 
most lost  by  disuse  the  power  of  flight. 

403.  Hence,  we  may  conclude,  that 
under  domestication  instincts  have  been 
acquired,  and  natural  instincts  have  been 
lost,  partly  by  habit,  and  partly  by  man 
selecting  and  accumulating,  during  suc- 
cessive generations,  peculiar  mental  hab- 
its and  actions,  which  at  first  appeared 
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from  what  we  must  in  our  ignorance  call 
an  accident.  In  some  cases  compulsory 
habit  alone  has  sufficed  to  produce  in- 
herited mental  changes;  in  other  cases 
compulsory  habit  has  done  nothing,  and 
all  has  been  the  result  of  selection,  pur- 
sued both  methodically  and  unconscious- 
ly :  but  in  most  cases  habit  and  selection 
have  probably  concurred. 

Special  Instincts. 

404.  We   shall,   perhaps,   best  under- 
stand how  instincts  in  a  state  of  nature 
have  become  modified  by  selection,  by 
considering  a  few  cases.    I  will  select 
only  three, — namely,  the  instinct  which 
leads  the  cuckoo  to  lay  her  eggs  in  other 
birds'  nests ;  the  slave-making  instinct  of 
certain  ants ;  and  the  cell-making  power 
of  the  hive-bee.    These  two   latter  in- 
stincts have  generally  and  justly  been 
ranked  by  naturalists  as  the  most  won- 
derful of  all  known  instincts. 

Instincts  of  the  Cuckoo. 

405.  It  is  supposed  by  some  naturalists 
that  the  more  immediate  cause  of  the  in- 
stinct of  the  cuckoo  is,  that  she  lays  her 
eggs,  not  daily,  but  at  intervals  of  two  or 
three  days ;  so  that,  if  she  were  to  make 
her  own  nest  and  sit  on  her  own  eggs, 
those  first  laid  would  have  to  be  left  for 
some  time  unincubated,  or  there  would  be 
eggs  and  young  birds  of  different  ages  in 
the  same  nest.     If  this  were  the  case,  the 
process  of  laying  and  hatching  might  be 
inconveniently  long,  more  especially  as 
she  migrates  at  a  very  early  period ;  and 
the  first  hatched  young  would  probably 
have  to  be  fed  by  the  male  alone.     But 
the  American  cuckoo  is  in  this  predica- 
ment ;  for  she  makes  her  own  nest,  and 
has  eggs  and  young  successively  hatched, 


all  at  the  same  time, 
asserted  and  denied 


It  has  been  both 
that  the  American 


cuckoo  occasionally  lays  her  eggs  in  oth- 
er birds'  nests ;  but  I  have  lately  heard 
from  Dr.  Merrell,  of  Iowa,  that  he  once 
found  in  Illinois  a  young  cuckoo  together 
with  a  young  jay  in  the  nest  of  a  Blue 
jay  (Garrulus  cristatus) ;  and  as  both 
were  nearly  fully  feathered,  there  could 
be  no  mistake  in  their  identification.  I 
could  also  give  several  instances  of  vari- 
ous birds  which  have  '  jen  known  occa- 
sionally to  lay  their  eggs  in  other  birds 
nests.  Now  let  us  suppose  that  the  an- 
cient progenitor  of  our  European  cuckoo 
had  the  habits  of  the  American  cuckoo 
and  that  she  occasionally  laid  an  egg  in 
another  bird's  nest.  If  the  old  bird  prof- 
ited by  this  occasional  habit  through  be- 


ng  enabled  to  migrate  earlier  or  through 
any  other  cause ;  or  if  the  young  were 
made  more  vigorous  by  advantage  being 
taken  of  the  mistaken  instinct  of  another 
species  than  when  reared  by  their  own 
mother,  encumbered  as  she  could  hardly 
:ail  to  be  by  having  eggs  and  young  of 
different  ages  at  the  same  time  ;  then  the 
old  birds  or  the  fostered  young  would 
an  advantage.  And  analogy  would 
lead  us  to  believe  that  the  young  thus 
reared  would  be  apt  to  follow  by  inherit- 
ance the  occasional  and  aberrant  habit 
of  their  mother,  and  in  their  turn  would 
be  apt  to  lay  their  eggs  in  other  birds' 
nests,  and  thus  be  more  successful  in 
rearing  their  young.  By  a  continued 
process  of  this  nature,  I  believe  that  the 
strange  instinct  of  our  cuckoo  has  been 
generated.  It  has,  also,  recently  been  as- 
certained on  sufficient  evidence,  by  Adolf 
Miiller,  that  the  cuckoo  occasionally  lays 
her  eggs  on  the  bare  ground,  sits  on 
them,  and  feeds  her  young.  This  rare 
event  is  probably  a  case  of  reversion  to1 
the  long-lost,  aboriginal  instinct  of  nidifi- 
cation. 

406.  It  has  been  objected  that  I  have 
not  noticed  other  related  instincts  and 
adaptations  of  structure  in  the  cuckoo, 
which  are  spoken  of  as  necessarily  co- 
ordinated. But  in  all  cases,  speculation 
on  an  instinct  known  to  us  only  in  a  sin- 
gle species,  is  useless,  for  we  have  hither- 
to had  no  facts  to  guide  us.  Until  re- 
cently the  instincts  of  the  European  and 
of  the  non-parasitic  American  cuckoo 
alone  were  known ;  now,  owing  to  Mi'. 
Ramsay's  observations,  we  have  learnt 
something  about  three  Australian  spe- 
cies, which  lay  their  eggs  in  other  birds' 
nests.  The  chief  points  to  be  referred  to 
are  three  :  first,  that  the  common  cuckoo, 
with  rare  exceptions,  lays  only  one  egg  in 
a  nest,  so  that  the  large  and  voracious 
young  bird  receives  ample  food.  Second- 
ly, that  the  eggs  are  remarkably  small, 
not  exceeding  those  of  the  skylark, — a 
bird  about  one-fourth  as  large  as  the 
cuckoo.  That  the  small  size  of  the  egg 
is  a  real  case  of  adaptation  we  may  infer 
from  the  fact  of  the  non-parasitic  Ameri- 
can cuckoo  laying  full-sized  eggs.  Third- 
ly, that  the  young  cuckoo,  soon  after 
birth,  has  the  instinct,  the  strength,  and 
a  properly  shaped  back  for  ejecting  its 
foster-brothers,  which  then  perish  from 
cold  and  hunger.  This  has  been  boldly 
called  a  beneficent  arrangement,  in  order 
that  the  young  cuckoo  may  get  sufficient 
food,  and  that  its  foster-brothers  may  per- 
ish before  they  had  acquired  much  feeling  t 
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407.  Turning  now  to   the  Australian 
species ;  though  these  birds  generally  lay 
only  one  egg  in  a  nest,  it  is  not  rare  to  find 
two  and  even  three  eggs  in  the  same  nest. 
In  the   Bronze    cuckoo   the    eggs   vary 
greatly  in  size,  from  eight  to  ten  lines  in 
length.     Now  if  it  had  been  of  an  advan- 
tage to  this  species  to  have   laid  eggs 
even  smaller  than  those  now  laid,  so  as 
to  have  deceived  certain  foster-parents, 
or,  as  is   more  probable,  to  have  been 
hatched  within  a  shorter  period  (for  it  is 
asserted  that  there  is  a  relation  between 
the  size  of  eggs  and  the  period  of  their 
incubation),  then  there  is  no  difficulty  in 
believing-  that  a  race  or  species   might 
have  been  formed  which  would  have  laid 
smaller  and  smaller  eggs ;  for  these  would 
have    been    more    safely    hatched    and 
reared.     Mr.  Ramsay  remarks  that  two 
of  the  Australian  cuckoos,  when  they  lay 
their  eggs  in  an  open  nest,  manifest  a 
decided  preference  for  nests  containing 
eggs  similar  in  color  to  their  own.     The 
European   species   apparently  manifests 
some  tendency  toward  a  similar  instinct, 
out    not    rarely  departs   from  it,   as  is 
shown  by  her  laying  her  dull  and  pale- 
colored  eggs  in  the  nest  of  the  Hedge- 
warbler  with  bright  greenish-blue  eggs. 
Had  our  cuckoo  invariably  displayed  the 
above  instinct,  it  would  assuredly  have 
been  added  to  those  which  it  is  assumed 
must  all  have  been   acquired  together. 
The  eggs  of  the  Australian  Bronze  cuckoo 
vary,  according  to  Mr.  Ramsay,  to  an 
extraordinary  degree   in  color;    so  that 
in  this  respect,  as  well  as  in  size,  natural 
selection  might  have  secured  and  fixed 
any  advantageous  variation. 

408,  In    the    case    of    the    European 
cuckoo,   the  offspring  of  the  foster-par- 
ents are  commonly  ejected  from  the  nest 
within  three  days  after  the    cuckoo  is 
hatched  ;  and  as  the  latter  at  this  age  is  in 
a  most  helpless  condition,  Mr.  Gould  was 
formerly  inclined  to  believe  that  the  act 
of  ejection  was  performed  by  the  foster- 
parents  themselves.     But  he  has  now  re- 
ceived a  trustworthy  account  of  a  young 
cuckoo  which  was  actually  seen,  while 
still  blind  and  not  able  even  to  hold  up 
its  own  head,  in  the  act  of  ejecting  its 
foster-brothers.     One  of  these  was   re- 
placed in  the  nest  by  the  observer,  and 
was  again  thrown  out.    With  respect  to 
the  means  by  which  this  strange  and 
odious  instinct  was  acquired,  if  it  were  of 
great  importance  for  the  young  cuckoo, 
as  is  probably  the  case,   to  receive   as 
much  food  as  possible  soon  after  birth,  I 
can  see  no  special  difficulty  in  its  having 


gradually  acquired,  during  successive 
generations,  the  blind  desire,  the  strength, 
and  structure  necessary  for  the  work  of 
ejection  ;  for  those  young  cuckoos  which 
had  such  habits  and  structure  best  de- 
veloped would  be  the  most  securely 
reared.  The  first  step  toward  the  ac- 
quisition of  the  proper  instinct  might 
have  been  mere  unintentional  restless- 
ness on  the  part  of  the  young  bird,  when 
somewhat  advanced  in  age  and  strength ; 
the  habit  having  been  afterward  im- 
proved, and  transmitted  to  an  earlier  age. 
I  can  see  no  more  difficulty  in  this,  than 
in  the  unhatched  young  of  other  birds 
acquiring  the  instinct  to  break  through 
their  own  shells ; — or  than  in  young 
snakes  acquiring  in  their  upper  jaws,  as 
Owen  has  remarked,  a  transitory  sharp 
tooth  for  cutting  through  the  tough  egg- 
shell. For  if  each  part  is  liable  to  indi- 
vidual variations  at  all  ages,  and  the  va- 
riations tend  to  be  inherited  at  a  corre- 
sponding or  earlier  age, — propositions 
which  cannot  be  disputed, — then  the  in- 
stincts and  structure  of  the  young  could 
be  slowly  modified  as  surely  as  those  of 
the  adult ;  and  both  cases  must  stand  or 
fall  together  with  the  whole  theory  of 
natural  selection. 

409.  Some  species  of  Molothrus,  a 
widely  distinct  genus  of  American  birds, 
allied  to  our  starlings,  have  parasitic 
habits  like  those  of  the  cuckoo ;  and  the 
species  present  an  interesting  gradation 
in  the  perfection  of  their  instincts.  The 
sexes  of  Molothrus  badius  are  stated  by 
an  excellent  observer,  Mr.  Hudson,  some- 
times to  live  promiscuously  together  in 
flocks,  and  sometimes  to  pair.  They 
either  build  a  nest  of  their  own,  or  seize 
on  one  belonging  to  some  other  bird,  oc- 
casionally throwing  out  the  nestlings  of 
the  stranger.  They  either  lay  their  eggs 
in  the  nest  thus  appropriated,  or  oddly 
enough  build  one  for  themselves  on  the 
top  of  it.  They  usually  sit  on  their  own 
eggs  and  rear  their  own  young ;  but  Mr. 
Hudson  says  it  is  probable  that  they  are 
occasionally  parasitic,  for  he  has  seen  the 
young  of  this  species  following  old  birds 
of  a  distinct  kind  and  clamoring  to  be  fed 
by  them.  The  parasitic  habits  of  another 
species  of  Molothrus,  the  M.  bonariensis, 
are  much  more  highly  developed  than 
those  of  the  last,  but  are  still  far  from 
perfect.  This  bird,  as  far  as  it  is  known, 
invariably  lays  its  eggs  in  the  nests  of 
strangers  ;  but  it  is  remarkable  that  sev- 
eral together  sometimes  commence  to 
build  an  irregular  untidy  nest  of  theit 
own,  placed  in  singularly  ill-adapted  sit- 
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nations,  as  on  the  leaves  of  a  large  this- 
tle. They  never,  however,  as  far  as  Mr. 
Hudson  has  ascertained,  complete  a  nest 
for  themselves.  Th<^  oiten  lay  so  many 
eggs— from  fifteei  co  twenty— in  the 
same  foster-ne=  -nat  few  or  none  can 
possibly  be  hat^ned.  They  have,  more- 
over, the  extraordinary  habit  of  pecking 
holes  in  the  eggs,  whether  of  their  own 
species  or  of  their  foster-parents,  which 
they  find  in  the  appropriated  nests.  They 
drop  also  many  eggs  on  the  bare  ground, 
which  are  thus  wasted.  A  third  species, 
the  M.  pecoris  of  North  America,  has  ac- 
quired instincts  as  perfect  as  those  of  the 
cuckoo,  for  it  never  iays  more  than  one 
egg  in  a  foster-nest,  so  that  the  young 
bird  is  securely  reared.  Mr.  Hudson  is 
a  strong  disbeliever  in  evolution,  but  he 
appears  to  have  been  so  much  struck  by 
the  imperfect  instincts  of  the  Molothrus 
bonariensis  that  he  quotes  my  words,  and 
asks,  "  Must  we  consider  these  habits, 
not  as  especially  endowed  or  created  in- 
stincts, but  as  small  consequences  of  one 
general  law,  namely,  transition  ?  " 

410.  Various  birds,  as  has  already  been 
remarked,  occasionally  lay  their  eggs  in 
the  nests  of  other  birds.     This  habit  is 
not  very  uncommon  with  the  Gallinaceae, 
and  throws  some  light  on  the  singular 
instinct  of  the   ostrich.     In  this   family 
several  hen-birds  unite  and  lay  first  a  few 
eggs  in  one  nest  and  then  in  another ; 
and  these    are    hatched  by  the   males. 
This  instinct  may  probably  be  accounted 
(or  by  the  fact  of  the  hens  laying  a  large 
number  of  eggs,  but,  as  with  the  cuckoo, 
at  intervals  of  two  or  three  days.    The 
instinct,  however,  of  the  American  os- 
trich, as  in  the  case  of  the  Molothrus 
bonariensis,  has  not  as  yet  been  perfect- 
ed ;  for  a  surprising  number  of  eggs  lie 
strewed  over  the  plains,  so  that  in  one 
day's  hunting  I  picked  up  no  less  than 
twenty  lost  and  wasted  eggs. 

411.  Many  bees  are  parasitic,  and  reg- 
ularly lay  their  eggs  in  the  nests  of  other 
kinds  of  bees.     This  case  is  more  re- 
markable than  that  of  the  c.ickoo;   for 
these  bees  have  not  only  had  their  in- 
stincts but  their  structure  modified  in  ac- 
cordance with  their  parasitic  habits ;  for 
they  do  not  possess  the  pollen-collecting 
apparatus  which  would  have  been  indis- 
pensable if  they  had  stored  up  food  for 
their  own  young.     Some  species  of  Sphe- 
<?idae  (wasp-like  insects)  are  likewise  par- 
asiuc;  and  M.  Fabre  has   lately  shown 
good  reason  for  believing  that,  although 
the  Tachytes  nigra  generally  makes  its 
own  burrow  and  stores  it  with  paralyzed 
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prey  for  its  own  larvae,  yet  that,  when 
this  insect  finds  a  burrow  already  made 
and  stored  by  another  sphex,  it  takes  ad- 
vantage of  the  prize,  and  becomes  for 
the  occasion  parasitic.  In  this  case,  as 
with  that  of  the  Molothrus  or  cuckoo,  I 
can  see  no  difficulty  in  natural  selection 
making  an  occasional  habit  permanent, 
if  of  advantage  to  the  species,  and  if  the 
insect  whose  nest  and  stored  food  are 
feloniously  appropriated,  be  not  thus  ex- 
terminated. 

Slave-making  instinct. 

412.  This  remarkable  instinct  was  first 
discovered  in  the  Formica  (Polyerges)  ru- 
fescens  by  Pierre  Huber,  a  better  observer 
even  than  his  celebrated  father.     This  ant 
is  absolutely  dependent    on  its    slaves: 
without  their  aid,  the  species  would  cer- 
tainly become  extinct  in   a  single  year. 
The  males  and  fertile  females  do  no  work 
of  any  kind,  and  the  workers  or  sterile  fe- 
males, though  most  energetic  and  coura- 
geous in  capturing  slaves,  do  no  other 
work.    They  are  incapable  of  making  their 
own  nests,  or  of  feeding  their  own  larvae. 
When  the  old  nest   is  found  inconven- 
ient, and  they  have  to  migrate,  it  is  the 
slaves  which  determine   the   migration, 
and  actually  carry  their  masters  in  their 
jaws.    So  utterly  helpless  are  the  mas- 
ters, that  when  Huber  shut  up  thirty  of 
them  without  a  slave,  but  with  plenty  of 
the  food  which  they  like  best,  and  with 
their  own  larvae  and  pupae  to  stimulate 
them  to  work,  they  did   nothing;  they 
could   not    even    feed    themselves,   and 
many  perished  of  hunger.     Huber  then 
introduced  a  single  slave  (F.  fusca),  and 
she  instantly  set  to  work,  fed  and  saved 
the  survivors ;  made  some  cells  and  tend- 
ed the  larvae,  and  put  all  to  rights.     What 
can   be   more   extraordinary   than   these 
well-ascertained  facts  ?    If  we  had   not 
known  of  any  other  slave-making  ant, 
it  would  have  been  hopeless  to  speculate 
how  so  wonderful  an  instinct  could  have 
been  perfected. 

413.  Another   species,    Formica    san- 
guinea,  was  likewise  first  discovered  by 
P.   Huber    to   be  a    slave-making  ant. 
This  species    is  found   in   the  southern 
parts  of  England,  and   its  habits  have 
been  attended  to  by  Mr.  F.  Smith,  of  the 
British   Museum,   to  whom  I  am  much 
indebted   for    information  on    this  and 
other  subjects.     Although  fully  trusting 
to  the   statements   of    Huber    and   Mr. 
Smith,  I  tried  to  approach  the  subject  in 
a  skeptical  frame  of  mind,  as  any  one 
may  well  be  excused  for  doubting  the 
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-xistence  ol  ^o  extraordinary  an  instinct 
as  that  of  making  slaves.  Hence,  I  will 
give  the  observations  which  I  made,  in 
some  little  detail.  I  opened  fourteen 
nests  of  F.  sanguinea,  and  found  a  few 
slaves  in  ail.  Males  and  fertile  females 
of  the  slave  species  (F.  fusca)  are  found 
only  in  their  own  proper  communities, 
and  have  never  been  observed  in  the 
nests  of  F.  sanguinea.  The  slaves  are 
black  and  not  above  half  the  size  of  their 
red  masters,  so  that  the  contrast  in  their 
appearance  is  great.  When  the  nest  is 
elightly  disturbed,  the  slaves  occasionally 
come  out,  and  like  their  masters  are 
much  agitated  and  defend  the  nest . 
when  the  nest  is  much  disturbed,  and  the 
larvae  and  pupae  are  exposed,  the  slaves 
work  energetically  together  with  their 
masters  in  carrying  them  away  to  a  place 
of  safety.  Hence,  it  is  clear,  that  the 
slaves  feel  quite  at  home.  During  the 
months  of  June  and  July,  on  three  suc- 
cessive years,  I  watched  for  many  hours 
several  nests  in  Surrey  and  Sussex,  and 
never  saw  a  slave  either  leave  or  enter  a 
nest.  As,  during  these  months,  the 
slaves  are  very  few  in  number,  I  thought 
that  they  might  behave  differently  when 
more  numerous  ;  but  Mr.  Smith  informs 
me  that  he  has  watched  the  nests  at 
various  hours  during  May,  June,  and 
August,  both  in  Surrey  and  Hampshire, 
and  has  never  seen  the  slaves,  though 
present  in  large  numbers  in  August, 
either  leave  or  enter  the  nest.  Hence  he 
considers  them  as  strictly  household 
slaves.  The  masters,  on  the  other  hand, 
may  be  constantly  seen  bringing  in 
materials  for  the  nest,  and  food  of  all 
kinds.  During  the  year  1860,  however, 
in  the  month  of  July,  I  came  across  a 
community  with  an  unusually  large  stock 
of  slaves,  and  I  observed  a  few  slaves 
mingled  with  their  masters  leaving  the 
nest,  and  marching  along  the  same  road 
to  a  tall  Scotch-fir-tree,  twenty-five  yards 
distant,  which  they  ascended  together, 
probably  in  search  of  aphides  or  cocci. 
According  to  Huber,  who  had  ample 
opportunities  for  observation,  the  slaves 
in  Switzerland  habitually  work  with  their 
masters  in  making  the  nest,  and  they 
alone  open  and  close  the  doors  in  the 
morning  and  evening ;  and,  as  Huber 
expressly  states,  their  principal  office  is  to 
search  for  aphides.  This  difference  in 
the  usual  habits  of  the  masters  and  slaves 
in  the  two  countries,  probably  depends 
merely  on  the  slaves  being  captured  in 
greater  numbers  in  Switzerland  than  in 
England. 


414.  .One  day  I  fortunately  witnessed  a 
migration  of  F.  sanguinea  from  one  nest 
to  another,  and  it  was  a  most  interesting 
spectacle  to  behold  the  masters  carefully 
carrying  their  slaves  in  their  jaws  instead 
of  being  carried  by  them,  as  in    the  case 
of  F.  rufescens.     Another  day  my  atten- 
tion was  struck  by  about  a  score  of  the 
slave-makers   haunting  the    same  spot, 
and  evidently  not  in  search  of  food  ;  they 
approached  and  were  vigorously  repulsed 
by  an  independent    community  of  the 
slave-species    (F.  fusca)  ;  sometimes  as 
many  as  three  of  these  ants  clinging  to 
the   legs   of    the  slave-making   F.   san- 
guinea.    The  latter  ruthlessly  killed  their 
small  opponents,  and  carried  their  dead 
bodies  as  food  to  their  nest,  twenty-nine 
yards  distant;  but  they  were  prevented 
from  getting  any  pupae  to  rear  as  slaves. 
I  then  dug  up  a  small  parcel  of  the  pupae 
of  F.  fusca  from  another  nest,  and  put 
them  down  on  a  bare  spot  near  the  place 
of  combat ;  they  were  eagerly  seized  and 
carried  off  by  the  tyrants,  who  perhaps 
fancied  that,   after  all,   they  had    been 
victorious  in  their  late  combat. 

415.  At  the  same  time  I  laid  on  the 
same  place  a  small  parcel  of  the  pupas  of 
another  species,  F.  flava,  with  a  few  of 
these  little  yellow  ants  still  clinging  to 
the  fragments  of  their  nest.     This  species 
is  sometimes,  though  rarely,  made  into 
slaves,   as  has    been  described  by  Mr. 
Smith.     Although  so  small  a  species,  it 
is  very  courageous,  and  I  have  seen  it 
ferociously  attack  other  ants.     In    one 
instance  I  found  to  my  surprise  an  inde- 
pendent community  of  F.  flava  under  a 
stone  beneath  a  nest  of  the  slave-making 
F.  sanguinea ;  and  when  I  had  accident- 
ally disturbed  both  nests,  the  little  ants 
attacked  their  big  neighbors  with  surpris- 
ing courage.      Now   I   was    curious  to 
ascertain  whether  F.  sanguinea  could  dis- 
tinguish the  pupae  of  F.  fusca,  which  they 
habitually  make  into  slaves,  from  those 
of  the  little  and  furious  F.  flava,  which 
they  rarely  capture,  and  it  was  evident 
that  they  did  at  once  distinguish  them ; 
for  we  have  seen  that  they  eagerly  and 
instantly  seized  the  pupae  of  F.   fusca, 
whereas  they  were  much  terrified  when 
they  came  across  the  pupas,  or  even  the 
earth   from  the  nest,   of  F.   flava,    and 
quickly  ran  away ;  but  in  about  a  quarter 
of  an'  hour,  shortly  after  all  the    little 
yellow  ants  had  crawled  away,  they  took 
heart  and  carried  off  the  pupae. 

416.  One    evening  I   visited    another 
community  of  F.  sanguinea,  and  found  a 
number  of  these  ants  returning  home  and 
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entering  their  nests,  carrying  the  dead 
bodies  of  F.  fusca  (showing  that  it  was 
not  a  migration)  and  numerous  pupae, 
traced  a  long  file  of  ants  burdened  with 
booty,  for  about  forty  yards  back,  to  a 
very  thick  clump  of  heath,  whence  I  saw 
the  last  individual  of  F.  sanguinea 
emerge,  carrying  a  pupa ;  but  I  was  not 
able  to  find  the  desolated  nest  in  the 
thick  heath.  The  nest,  however,  must 
have  been  close  at  hand,  for  two  or  three 
individuals  of  F.  fusca  were  rushing 
about  in  the  greatest  agitation,  and  one 
was  perched  motionless  with  its  own 
pupa  in  its  mouth  on  the  top  of  a  spray 
of  heath,  an  image  of  despair  over  its 
ravaged  home. 

417.  Such  are  the  facts,  though  they 
did  not   need    confirmation  by  me,   in 
regard  to  the  wonderful  instinct  of  making 
slaves.     Let  it  be  observed  what  a  con- 
trast the  instinctive  habits  of  F.  sanguinea 
present  with  those  of  the  continental  F. 
rufescens.    The  latter  does  not  build  its 
own  nest,  does  not  determine  its  own 
migrations,  does  not  collect  food  for  itself 
or  its  young,  and  cannot  even  feed  itself : 
it  is  absolutely  dependent  on  its  numerous 
slaves.     Formica  sanguinea,  on  the  other 
hand,  possesses  much  fewer  slaves,  and 
in  the  early  part  of  the  summer  extremely 
few:  the  masters  determine  when   and 
where  a  new  nest  shall  be  formed,  and 
when  they  migrate,  the  masters  carry  the 
slaves.    Both  in  Switzerland  and  England 
the  slaves  seem  to  have  the  exclusive 
care  of  the  larvae,  and  the  masters  alone 
go    on    slave-making    expeditions.       In 
Switzerland  the  slaves  and  masters  work 
together,  making  and  bringing  materials 
for  the  nest ;  both,  but  chiefly  the  slaves, 
tend,  and  milk,  as  it  may  be  called,  their 
aphides ;  and  thus  both  collect  food  for 
the  community.    In  England  the  masters 
alone  usually  leave  the  nest  to  collect 
building  materials  and  food    for  them- 
selves, their  slaves  and  larvae.     So  that 
the  masters  in  this  country  receive  much 
less  service  from  their  slaves  than  they 
do  in  Switzerland. 

41 8.  By  what  steps  the  instinct  of  F. 
sanguinea  originated  I  will  not  pretend  to 
conjecture.    But  as  ants,  which  are  not 
slave-makers  will,  as  I  have  seen,  carry 
off  the  pupae  of  other  species,  if  scattered 
near  their  nests,  it  is  possible  that  such 
pupae  originally   stored   as    food   might 
become  developed  ;  and  the  foreign  ants 
thus  unintentionally  reared  would  then 
follow  their  proper  instincts,  and  do  what 
work    they    could.       If   their    presence 
proved  useful  to  the  species  which  had 


seized  them — if  it  were  more  advanta« 
geous  to  this  species  to  capture  workers 
than  to  procreate  them — the  habit  of 
collecting  pupae,  originally  for  food, 
might  by  natural  selection  be  strengthened 
and  rendered  permanent  for  the  very 
different  purpose  of  raising  slaves.  When 
the  instinct  was  once  acquired,  if  carried 
out  to  a  much  less  extent  even  than  in 
our  British  F.  sanguinea,  which,  as  we 
have  seen,  is  less  aided  by  its  slaves  than 
the  same  species  in  Switzerland,  natural 
selection  might  increase  and  modify  the 
instinct — always  supposing  each  modifi- 
cation to  be  of  use  to  the  species — until 
an  ant  was  formed  as  abjectly  dependent 
on  its  slaves  as  is  the  Formica  rufescens. 

Cell-making  instinct  of  the  Hive-Bee. 

419.  I  will  not  here  enter  on  minute 
details  on  this  subject,  but  will  merely 
give   an   outline   of    the    conclusions   at 
which  I  have  arrived.     He  must  be  a  dull 
man    who    can    examine  the  exquisite 
structure    of    a    comb,    so     beautifully 
adapted  to  its  end,  without  enthusiastic 
admiration.     We  hear  from  mathemati- 
cians that  bees  have  practically  solved  a 
recondite  problem,  and  have  made  their 
cells   of   the   proper  shape   to  hold   the 
greatest  possible  amount  of  honey,  with 
the  least  possible  consumption  of  precious 
wax  in  their  construction.     It  has   been 
remarked  that  a  skillful   workman  with 
fitting  tools  and  measures,  would  find  it 
very  difficult  to  make  cells  of  wax  of  the 
true  form,  though  this  is  effected  by  a 
crowd   of   bees  working  in  a  dark  hive. 
Granting  whatever  instincts  you   please, 
it  seems  at  first  quite  inconceivable  how 
they  can   make  all  the  necessary  angles 
and  planes,  or  even  perceive  when  they 
are  correctly  made.      But  the  difficulty  is 
not  nearly  so  great  as  it  at  first  appears  : 
all  this  beautiful  work  can  be  shown,  I 
think,    to    follow    from    a    few    simple 
instincts. 

420.  I    was   led     to    investigate    this 
subject    by   Mr.   Waterhouse,    who   has 
shown  that  the  form  of  the  cell  stands  in 
close  relation  to  the  presence  of  adjoining 
cells ;  and  the  following  view  may,  per- 
haps, be  considered  only  as  a  modifica- 
tion of  his  theory.     Let  us   look  to  the 
great   principle    of    gradation,   and    see 
whether  Nature  does  not  reveal  to  us  her 
method  of  work.      At  one  end  of  a  short 
series   we   have  humble-bees,  which  use 
their  old  cocoons  to  hold  honey,  some- 
times adding  to  them  short  tubes  of  wax, 
and    likewise  making  separate  and  very 
irregular  rounded  cells  of  wax.     At  the 
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other  end  of  the  series  we  have  the  cells 
of  the  hive-bee,  placed  in  a  double  layer : 
each  cell,  as  is  well  known,  is  an  hex- 
agonal prism,  with  the  basal  edges  of  its 
six  sides  beveled  so  as  to  join  an  in- 
verted pyramid,  of  three  rhombs.  These 
rhombs  have  certain  angles,  and  the 
three  which  form  the  pyramidal  base  of  a 
single  cell  on  one  side  of  the  comb  enter 
into  the  composition  of  the  bases  of  three 
adjoining  cells  on  the  opposite  side.  In 
the  series  between  the  extreme  perfection 
of  the  cells  of  the  hive-bee  and  the  sim- 
plicity of  those  of  the  humble-bee  we 
have  the  cells  of  the  Mexican  Melipona 
domestica,  carefully  described  and  figured 
by  Pierre  Huber.  The  Melipona  itself  is 
intermediate  in  structure  between  the 
hive  and  humble  bee,  but  more  nearly 
related  to  the  latter ;  it  forms  a  nearly 
regular  waxen  comb  of  cylindrical  cells, 
in  which  the  young  are  hatched,  and,  in 
addition,  some  large  cells  of  wax  for 
holding  honey.  These  latter  cells  are 
nearly  spherical  and  of  nearly  equal  sizes, 
and  are  aggregated  into  an  irregular 
mass.  But  the  important  point  to  notice 
is,  that  these  cells  are  always  made  at 
that  degree  of  nearness  to  each  other 
that  they  would  have  intersected  or 
broken  into  each  other  if  the  spheres  had 
been  completed ;  but  this  is  never  per- 
mitted, the  bees  building  perfectly  flat 
walls  of  wax  between  the  spheres  which 
thus  tend  to  intersect.  Hence,  each  cell 
consists  of  an  outer  spherical  portion, 
and  of  two,  three  or  more  flat  surfaces, 
according  as  the  cell  adjoins  two,  three, 
or  more  other  cells.  When  one  cell  rests 
on  three  other  cells,  which,  from  the 
spheres  being  nearly  of  the  same  size,  is 
very  frequently  and  necessarily  the  case, 
the  three  flat  surfaces  are  united  into  a 
pyramid ;  and  this  pyramid,  as  Huber 
has  remarked,  is  manifestly  a  gross  imi- 
tation of  the  three-sided  pyramidal  base 
of  the  cell  of  the  hive-bee.  As  in  the 
cells  of  the  hive-bee,  so  here,  the  three 
plane  surfaces  in  any  one  cell  necessarily 
enter  into  the  construction  of  three  ad- 
joining cells.  It  is  obvious  that  the 
Melipona  saves  wax,  and  what  is  more 
important,  labor,  by  this  manner  of  build- 
ing; for  the  flat  walls  between  the  ad- 
joining cells  are  not  double,  but  are  of 
the  same  thickness  as  the  outer  spherical 
portions,  and  yet  each  flat  portion  forms 
a  part  of  two  cells. 

421.  Reflecting  on  this  case,  it  occurred 
to  me  that  if  the  Melipona  had  made  its 
spheres  at  some  given  distance  from  each 
other,  and  had  made  them  of  equal  sizes 


and  had  arranged  them  symmetrically  in 
a  double  layer,  the  resulting  structure 
wouki  have  been  as  perfect  as  the  comb 
of  the  hive-bee.  Accordingly  I  wrote  tc 
Professor  Miller,  of  Cambridge,  and  this 
geometer  has  kindly  read  over  the  follow- 
ing statement,  drawn  up  from  his  infor- 
mation, and  tells  me  that  it  is  strictly 
correct : — 

422.  If  a  number  of  equal   spheres  be 
described  with  their  centers  placed  in  two 
parallel  layers  ;  with  the  center  of  each 
sphere  at  the   distance  of  radius  X  4/  2, 
or  radius  X  1-41421  (or  at  some  lessef 
distance),  from  the  centers  of  the  six  sur- 
rounding spheres  in  the  same  layer  ;  and 
at  the  same  distance  from  the  centers  of 
the  adjoining  spheres  in  the  other  and 
parallel  layer  ;  then,  if  planes  of  intersec- 
tion between  the  several  spheres  in  both 
layers  be  formed,  there  will  result  a  double 
layer  of  hexagonal  prisms  united  together 
by  pyramidal    bases    formed   of    three 
rhombs  ;  and  the  rhombs  and  the  sides 
of  the  hexagonal  prisms  will  have  every 
angle   identically  the  same  with  the  best 
measurements  which  have  been  made  of 
the  cells  of  the  hive-bee.  But  I  hear  from 
Prof.  Wyman,  who  has  made  numerous 
careful  measurements,  that  the  accuracy 
of  the  workmanship  of  the  bee  has  been 
greatly  exaggerated  ;  so  much   so,  that 
whatever  the  typical  form  of  the  cell  may 
be,  it  is  rarely,  if  ever,  realized. 

423.  Hence  we  may  safely  conclude 
that,  if  we  could  slightly  modify  the  in- 
stincts already  possessed  by  the  Melipona. 
and  in  themselves  not  very  wonderful,  this 
bee  would  make  a  structure  as  wonder- 
fully perfect  as  that  of  the  hive-bee.     We 
must  suppose  the  Melipona  to  have  the 
power  of  forming  her  cells  truly  spherical, 
and  of  equal  sizes ;  and  this  would  not 
be  very  surprising,  seeing  that  she  already 
does  so  to  a  certain  extent,  and  seeing 
what  perfectly  cylindrical  burrows  many 
insects  make  in  wood  apparently  by  turn- 
ing round  on  a  fixed  point.     We  must 
suppose  the  Melipona  to  arrange  her  cells 
in  level  layers,  as  she  already  does  her 
cylindrical   cells ;  and  we   must  further 
suppose,  and  this  is  the  greatest  difficulty, 
that  she  can  somehow  judge  accurately 
at  what  distance  to  stand  from  her  fellow- 
laborers  when  several  are  making  their 
spheres ;  but  she  is  already  so  far  en- 
abled to  judge  of  distance,  that  she  al- 
ways describes  her  spheres  so  as  to  inter- 
sect to  a  certain  extent ;  and  then  she 
unites  the  points  of  intersection  by  per- 
fectly flat  surfaces.     By  such  modinca- 
tions  of  instincts  which  in  themselves  are 
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not  very  wonderful, — hardly  more  won- 
derful than  those  which  guide  a  bird  to 
make  its  nest,— I  believe  that  the  hive- 
bee  has  acquired,  through  natural  selec- 
tion, her  inimitable  architectural  powers. 

424.  But  this  theory  can  be  tested  by 
experiment.     Following  the  example  of 
Mr.  Tegetmeier,  I  separated  two  combs, 
and  put  between  them  a  long,  thick,  rec- 
tangular strip  of  wax  :  the  bees  instantly 
began  to  excavate  minute  circular  pits  in 
it ;  and  as  they  deepened  these  little  pits, 
they  made  them  wider  and  wider  until 
they  were  converted  into  shallow  basins, 
appearing  to  the  eye    perfectly  true  or 
parts  of  a  sphere,  and  of  about  the  diam- 
eter of  a  cell.     It  was  most  interesting  to 
observe  that,  wherever  several  bees  had 
begun  to  excavate  these  basins  near  to- 
gether, they  had  begun  their  work  at  such 
a  distance  from  each  other,  that  by  the 
time  the  basins  had  acquired  the  above- 
stated  width  (/.<?.,  about  the  width  of  an 
ordinary  cell),  and  were  in  depth  about 
one  sixth  of  the  diameter  of  the  sphere 
of  which  they  formed  a  part,  the   rims 
of  the  basins  intersected,  or  broke  into, 
each  other.     A?  soon  as  this   occurred 
the  bees  ceased  to  excavate,  and  began 
to  build  up  flat  walls  of  wax  on  the  lines 
of  intersection  between  the  basins,  so  that 
each  hexagonal  prism  was  built  upon  the 
scalloped  edge  of  a  smooth  basin,  instead 
«f  on  the  straight  edges  of  a  three-sided 
pyramid,  as  in  the  case  of  ordinary  cells. 

425,  I  then  put  into  the  hive,  instead  of 
a  thick,  rectangular  piece  of  wax,  a  thin 
and  narrow  knife-edged    ridge,   colored 
with  vermilion.     The  bees  instantly  be- 
gan on  both  sides  to  excavate  little  basins 
near  to  each  other,   in  the  same  way  as 
betore  ;  but  the  ridge  of  wax  was  so  thin, 
that  the  bottoms  of  the  basins,  if  they  had 
been  excavated  to  the  same  depth  as  in 
the  former  experiment,  would  have  bro- 
ken into  each  other  from  the  opposite 
sides.     The  bees,  however,  did  not  suffer 
this  to  happen,  and  they  stopped  their  ex- 
cavations in  due  time  ;  so  that  the  basins, 
as  soon  as  they  had  been  a  little  deep- 
ened, came  to  have  flat  bases,  and  these 
flat   bases   formed  by  thin   little  plates 
of    the    vermilion   wax    left  ungnawed, 
were  situated,  as  far  as  the  eye  could 
judge,  exactly  along  the  planes  of  imag- 
inary intersection  between  the  basins  on 
the  opposite  sides  of  the  ridge  of  wax. 
In  some  parts,  only   small   portions,   in 
other  parts,  large  portions  of  a  rhombic 
plate  were  thus  left  between  the  opposed 
basins,  but  the  work,  from  the  unnatural 
state  of  things,  had  not  been  neatly  per- 


formed, 'i  he  bees  must  have  worked  at 
very  nearly  tne  same  rate  in  circularly 
gnawing  away  and  deepening  the  basins 
on  both  sides  of  the  ridge  of  vermilion 
wax,  in  order  to  have  thus  succeeded  in 
leaving  flat  plates  between  the  basins, 

y  stopping  work  at  the  planes  of  inter- 

ection. 

426.  Considering  how  flexible  thin  wax 
;s,  1  do  not  see  that  there  is  any  difficulty 
in  the  bees,  while  at  work  on  the  two 
sides  of  a  strip  of  wax,  perceiving  when 
they  have  gnawed  the  wax  away  to  the 
proper  thinness,  and  then  stopping  their 
work.     In  ordinary  combs  it  has  appeared 
to  me  that  the  bees  do  not  always  suc- 
ceed in  working  at  exactly  the  same  rate 
From  the  opposite  sides ;  for  I  have  noticed 
half-completed  rhombs  at  the  base  of  a 
just-commenced  cell,  which  were  slightly 
concave  on  one  side,  where  I  suppose  that 
the  bees  had  excavated  too  quickly,  and 
convex  on  the  opposed  side  where  the 
bees  had  worked  less  quickly.     In  one 
well  marked  instance,   I  put  the   comb 
back  into  the  hive,  and  allowed  the  bees 
to  go  on  working  for  a  short  time,  and 
again  examined  the  cell,  and  I  found  that 
the  rhombic  plate  had  been  completed, 
and  had  become  perfectly  flat :   it  was 
absolutely  impossible,'  from  the  extreme 
thinness  of  the  little  plate,  that  they  could 
have  effected  this  by  gnawing  away  the 
convex  side ;  and  I  suspect  that  the  bees 
in  such  cases  stand  on  opposite  sides  and 
push  and  bend  the  ductile  and  warm  wax 
(which  is  easily  done)  into  its  proper  in- 
termediate plane,  and  thus  flatten  it. 

427.  From  the  experiment  of  the  ridge 
of  vermilion  wax  we  can  see  that,  if  the 
bees  were  to  build  for  themselves  a  thin 
wall  of  wax,  they  could  make  their  cells 
of  the  proper  shape,  by  standing  at  the 
proper  distance  from  each  other,  by  exca- 
vating at  the  same  rate,  and  by  endeavor- 
ing to  make  equal  spherical  hollows,  but 
never  allowing  the  spheres  to  break  into 
each  other.     Now  bees,  as  may  be  clearly 
seen  by  examining  the  edge  of  a  growing 
comb,  do  make  a  rough,  circumferential 
wall  or  rim  all  round  the  comb  ;  and  they 
gnaw  this  away  from  the  opposite  sides, 
always  working  circularly  as  they  deepen 
each  cell.     They  do  not  make  the  whole 
three-sided  pyramidal  base  of  any  one 
cell  at  the  same  time,  but  only  that  one 
rhombic  plate  which  stands  on  the  ex- 
treme growing  margin,  or  the  two  plates, 
as  the  case  may  be  ;  and  they  never  com- 
plete the   upper  edges   of  the   rhombic 
plates,  until  the  hexagonal  walls  are  com- 
menced.    Some  of  these  statements  differ 
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from  those  made  by  the  justly  celebrated 
elder  Huber,  but  I  am  convinced  of  their 
accuracy ;  and  if  I  had  space,  I  could  show 
that  they  are  conformable  with  my  theory. 
428.  Huber's  statement,  that  the  very 
first  cell  is  excavated  out  of  a  little  par- 
allel-sided wall  of  wax,  is  not,  as  far  as  I 
have  seen,  strictly  correct ;  the  first  com- 
mencement having  always  been  a  little 
hood  of  wax ;  but  I  will  not  here  enter  on 
details.  We  see  how  important  a  part 
excavation  plays  in  the  construction  of  the 
cells ;  but  it  would  be  a  great  error  to 
suppose  that  the  bees  cannot  build  up  a 
rough  wall  of  wax  in  the  proper  position 
— that  is,  along  the  plane  of  intersection 
between  two  adjoining  spheres.  1  have 
several  specimens  showing  clearly  that 
they  can  do  this.  Even  in  the  rude  cir- 
cumferential rim  or  wall  of  wax  round  a 
growing  comb,  flexures  may  sometimes 
be  observed,  corresponding  in  position  to 
the  planes  of  the  rhombic  basal  plates  of 
future  cells.  But  the  rough  wall  of  wax 
has  in  every  case  to  be  finished  off,  by 
being  largely  gnawed  away  on  both  sides. 
The  manner  in  which  the  bees  build  is 
curious  ;  they  always  make  the  first  rough 
wall  Irom  ten  to  twenty  times  thicker 
than  the  excessively  thin  finished  wall  of 
the  cell,  which  will  ultimately  be  left. 
We  shall  understand  how  they  work,  by 
supposing  masons  first  to  pile  up  a  broad 
ridge  of  cement,  and  then  to  begin  cutting 
it  away  equally  on  both  sides  near  the 
ground,  till  a  smooth,  very  thin  wall  is 
left  in  the  middle ;  the  masons  always 
piling  up  the  cut-away  cement,  and  add- 
ing fresh  cement  on  the  summit  of  the 
ridge.  We  shall  thus  have  a  thin  wall 
steadily  growing  upward,  but  always 
crowned  by  a  gigantic  coping.  From  all 
the  cells,  both  those  just  commenced  and 
those  completed,  being  thus  crowned  by 
a  strong  coping  of  wax,  the  bees  can 
cluster  and  crawl  over  the  comb  with- 
out injuring  the  delicate  hexagonal  walls. 
These  walls,  as  Professor  Miller  has 
kindly  ascertained  for  me,  vary  greatly  in 
thickness  ;  being  on  an  average  of  twelve 
measurements  made  near  the  border  of 
the  comb,  •$%•$  of  an  inch  in  thickness ; 
whereas  the  basal  rhomboidal  plates  are 
thicker,  nearly  in  the  proportion  of  three 
to  two,  having  a  mean  thickness,  from 
twenty-one  measurements,  of  -^  of  an 
inch.  By  the  above  singular  manner  of 
building,  strength  is  continually  given  to 
the  comb,  with  the  utmost  ultimate  econ- 
omy of  wax. 

429.  It  seems  at  first  to  add  to  the  dif- 
ficulty of  understanding  how  the  cells  arc 


made,  that  a  multitude  of  bees  all  work 
together  ;  one  bee,  after  working  a  short 
time  at  one  cell,  going  to  another,  so  that, 
as  Huber  has  stated,  a  score  of  individuals 
work  even  at  the  commencement  of  the 
first  cell.  I  was  able  practically  to  show 
this  fact,  by  covering  the  edges  of  the 
hexagonal  walls  of  a  single  cell,  or  the 
extreme  margin  of  the  circumferential  rim 
of  a  growing  comb,  with  an  extremely 
thin  layer  of  melted  vermilion  wax ;  and 
I  invariably  found  that  the  color  was  most 
delicately  diffused  by  the  bees — as  deli- 
cately as  a  painter  could  have  done  it  with 
his  brush — by  atoms  of  the  colored  wax 
having  been  taken  from  the  spot  on  which 
it  had  been  placed,  and  worked  into  the 
growing  edges  of  the  cells  all  round. 
The  work  of  construction  seems  to  be  a 
sort  of  balance  struck  between  many  bees, 
all  instinctively  standing  at  the  same  rel- 
ative distance  from  each  other,  all  trying 
to  sweep  equal  spheres,  and  then  building 
up,  or  leaving  ungnawed,  the  planes  of 
intersection  between  these  spheres.  It 
was  really  curious  to  note  in  cases  of  dif- 
ficulty, as  when  two  pieces  of  comb  met 
at  an  angle,  how  often  the  bees  would 
pull  down  and  rebuild  in  different  ways 
the  same  cell,  sometimes  recurring  to  a 
shape  which  they  had  at  first  rejected. 

430.  When  bees  have  a  place  on  which 
they  can  stand  in  their  proper  positions 
for  working, — for  instance,  on  a  slip  of 
wood,  placed  directly  under  the  middle  of 
a  comb  growing  downward,  so  that  the 
comb  has  to  be  built  over  one  face  of  the 
slip — in  this  case  the  bees  can  lay  the 
foundations  of  one  wall  of  a  new  hexagon, 
in  its  strictly  proper  place,  projecting  be- 
yond the  other  completed  cells.  It  suf- 
fices that  the  bees  should  be  enabled  to 
stand  at  their  proper  relative  distances 
from  each  other  and  from  the  walls  of  the 
last  completed  cells,  and  then,  by  striking 
imaginary  spheres,  they  can  build  up  a 
wall  intermediate  between  two  adjoining 
spheres,  but,  as  far  as  I  have  seen,  they 
never  gnaw  away  and  finish  off  the  angles 
of  a  cell  till  a  large  part  both  of  that  cell 
and  of  the  adjoining  cells  has  been  built. 
This  capacity  in  bees  of  laying  down  un- 
der certain  circumstances  a  rough  wall  in 
its  proper  place  between  two  just-com- 
menced cells,  is  important,  as  it  bears  on 
a  fact,  which  seems  at  first  subversive  of 
the  foregoing  theory ;  namely,  that  the 
cells  on  the  extreme  margin  of  wasp- 
combs  are  sometimes  strictly  hexagonal ; 
but  I  have  not  space  here  to  enter  on  this 
subject.  Nor  does  there  seem  to  me  any 
great  difficulty  in  a  single  insect  (as  in  the 
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case  01  a  queen-wasp)  making  hexagonal 
;ells,  if  she  were  to  work  alternately  on 
';he  inside  and  outside  of  two  or  three 
cells  commenced  at  the  same  time,  al- 
ways standing  at  the  proper  relative  dis- 
tance from  the  parts  of  the  cells  just  be- 
gun, sweeping  spheres  or  cylinders,  and 
building  up  intermediate  planes. 

431.  As  natural  selection  acts  only  by 
the  accumulation  of  slight  modifications 
of  structure  or  instinct,  each  profitable  to 
the  individual  under  its  conditions  of  life, 
it  may  reasonably  be  asked,  how  a  long 
and  graduated  succession  of  modified 
architectural  instincts,  all  tending  toward 
the  present  perfect  plan  of  construction, 
could  have  profited  the  progenitors  of  the 
hive-bee  ?  I  think  the  answer  is  not  diffi- 
cult:  cells  constructed  like  those  of  the 
bee  or  the  wasp  gain  in  strength,  and 
save  much  in  labor  and  space,  and  in  the 
materials  of  which  they  are  constructed. 
With  respect  to  the  formation  of  wax,  it 
is  known  that  bees  are  often  hard  pressed 
to  get  sufficient  nectar,  and  I  am  informed 
by  Mr.  Tegetmeier  that  it  has  been  experi- 
mentally proved  that  from  twelve  to  fif- 
teen pounds  of  dry  bugar  are  consumed 
by  a  hive  of  bees  for  the  secretion  of  a 
pound  of  wax ;  as  that  a  prodigious  quan- 
tity of  fluid  nectar  must  be  collected  and 
consumed  by  the  bees  in  a  hive  for  the  se- 
cretion of  the  wax  necessary  for  the  con- 
struction of  their  combs.  Moreover,  many 
bees  have  to  remain  idle  for  many  days  dur- 
ing the  procesb  of  secretion.  A  large  store 
of  honey  is  indispensable  to  support  a  large 
stock  of  bees  during  the  winter ;  and  the 
security  of  the  hive  is  known  mainly  to 
depend  on  &  large  number  of  bees  being 
supported.  Hence  the  saving  of  wax  by 
largely  saving  honey  and  the  time  con- 
sumed in  collecting  the  honey  must  be  an 
important  element  of  success  to  any  fam- 
ily of  bees.  Of  course  the  success  of  the 
species  may  be  dependent  on  the  number 
of  its  enemies,  or  parasites,  or  on  quite 
distinct  causes,  and  so  be  altogether  in- 
dependent of  the  quantity  of  honey  which 
the  bees  can  collect.  But  let  us  suppose 
that  this  latter  circumstance  determined, 
as  it  probably  often  has  determined, 
whether  a  bee  allied  to  our  humble-bees 
could  exist  in  large  numbers  in  any 
country ;  and  let  us  further  suppose  that 
the  community  lived  though  the  winter, 
and  consequently  required  a  store  of 
honey :  there  can  in  this  case  be  no  doubt 
that  it  would  be  an  advantage  to  our  im- 
aginary humble-bee,  if  a  slight  modifica- 
tion in  her  instincts  led  her  to  make  her 
waxen  cells  near  together,  so  as  to  inter- 


sect a  little ;  for  a  wall  In  common  even 
to  two  adjoining  cells  would  save  some 
little  labor  and  wax.  Hence  it  would 
continually  be  more  and  more  advan- 
tageous to  our  humble-bees  if  they  were 
to  make  their  cells  more  and  more  regu- 
lar, nearer  together,  and  aggregated  into 
a  mass,  like  the  cells  of  the  Melipona ;  for 
in  this  case  a  large  part  of  the  bounding 
surface  of  each  cell  would  serve  to  bound 
the  adjoining  cells,  and  much  labor  and 
wax  would  be  saved.  Again,  from  the 
same  cause,  it  would  be  advantageous  to 
the  Melipona,  if  she  were  to  make  her 
cells  closer  together,  and  more  regular  in 
every  way  than  at  present;  for  then,  as 
we  have  seen,  the  spherical  surfaces  would 
wholly  disappear  and  be  replaced  by  plane 
surfaces  ;  and  the  Melipona  would  make 
a  comb  as  perfect  as  that  of  the  hive-bee. 
Beyond  this  stage  of  perfection  in  archi- 
tecture, natural  selection  could  not  lead  ; 
for  the  comb  of  the  hive-bee,  as  far  as  we 
can  see,  is  absolutely  perfect  in  economiz- 
ing labor  and  wax. 

432.  Thus,  as  I  believe,  the  most  won- 
derful of  all  known  instincts,  that  of  the 
hive-bee,  can  be  explained  by  natural  se- 
lection having  taken  advantage   of  nu- 
merous, successive,  slight  modifications 
of    simpler  instincts  ;  -  natural   selection 
having,  by  slow  degrees,  more  and  more 
perfectly  led   the   bees  to  sweep  equal 
spheres  at  a  given  distance  from   each 
other  in  a  double  layer,  and  to  build  up 
and  excavate  the  wax  along  the  planes  of 
intersection;    the    bees,    of    course,    no 
more    knowing    that    they   swept    their 
spheres  at  one  particular  distance  from 
each  other,  than  they  know  what  are  the 
several  angles  of  the  hexagonal  prisms 
and  of  the   basal  rhombic  plates ;    the 
motive  power  of  the  process  of  natural 
selection  having  been  the  construction  of 
cells  of  due  strength  and  of  the  proper 
size  and  shape  for  the  larvae,  this  being 
effected  with  the  greatest  possible  econ- 
omy of  labor  and  wax ;  that  individual 
swarm  which  thus  made  the  best  cells 
with  least  labor,  and  least  waste  of  honey 
in  the  secretion  of  wax,  having  succeeded 
best,  and  having  transmitted  their  newly- 
acquired    economical    instincts    to    new 
swarms,  which  in  their  turn  will  have 
had  the  best  chance  of  succeeding  in  the 
struggle  for  existence. 

Objections  to  the  Theory  of  Natural  Se- 
lection as  applied  to  Instincts  :  Ntu- 
ter  and  Sterile  Insects. 

433.  It  has  been  objected  to  the  fore- 
going view  of  the  origin  of  instincts  thaf 
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"  the  variations  of  structure  and  of  in- 
stinct must  have  been  simultaneous  and 
accurately  adjusted  to  each  other,  as  a 
modification  in  the  one  without  an  imme- 
diate corresponding  change  in  the  other 
would  have  been  fatal."  The  force  of 
this  objection  rests  entirely  on  the  as- 
sumption that  the  changes  in  the  in- 
stincts and  structure  are  abrupt.  To 
take  as  an  illustration  the  case  of  the 
larger  titmouse  (Parus  major)  alluded  to 
in  a  previous  chapter :  this  bird  often 
holds  the  seeds  of  the  yew  between  its 
feet  on  a  branch,  and  hammers  with  its 
beak  till  it  gets  at  the  kernel.  Now 
what  special  difficulty  would  there  be  in 
natural  selection  preserving  all  the  slight 
individual  variations  in  the  shape  of  the 
beak,  which  were  better  and  better  adapt- 
ed to  break  open  the  seeds,  until  a  beak 
was  formed,  as  well  constructed  for 
this  purpose  as  that  of  the  nuthatch,  at 
the  same  time  that  habit,  or  compulsion, 
or  spontaneous  variations  of  taste,  led 
the  bird  to  become  more  and  more  of  a 
seed-eater  ?  In  this  case  the  beak  is 
supposed  to  be  slowly  modified  by  natu- 
ral selection,  subsequently  to,  but  in  ac- 
cordance with,  slowly  changing  habits  or 
taste ;  but  let  the  feet  of  the  titmouse 
vary  and  grow  larger  from  correlation 
with  the  beak,  or  from  any  other  un- 
known cause,  and  it  is  not  improbable 
that  such  larger  feet  would  lead  the  bird 
to  climb  more  and  more  until  it  acquired 
the  remarkable  climbing  instinct  and  pow- 
er of  the  nuthatch.  In  this  case  a  grad- 
ual change  of  structure  is  supposed  to 
lead  to  changed  instinctive  habits.  To 
take  one  more  case :  few  instincts  are 
more  remarkable  than  that  which  leads 
the  swift  of  the  Eastern  Islands  to  make 
its  nest  wholly  of  inspissated  saliva. 
Some  birds  build  their  nests  of  mud,  be- 
lieved to  be  moistened  with  saliva ;  and 
one  of  the  swifts  of  North  America 
makes  its  nest  (as  I  have  seen)  of  sticks 
agglutinated  with  saliva,  and  even  with 
flakes  of  this  substance.  Is  it  then  very 
improbable  that  the  natural  selection  of 
individual  swifts,  which  secreted  more 
and  more  saliva,  should  at  last  produce  a 
species  with  instincts  leading  it  to  neg- 
lect other  materials,  and  to  make  its  nest 
exclusively  of  inspissated  saliva  ?  And 
so  in  other  cases.  It  must,  however,  be 
admitted  that  in  many  instances  we  can- 
not conjecture  whether  it  was  instinct  or 
structure  which  first  varied. 

434.  No  doubt  many  instincts  of  very 
difficult  explanation  could  be  opposed  to 
the  theory  of  natural  selection — cases,  in 


which  we  cannot  see  how  an  instinct 
could  have  originated ;  cases,  in  which 
no  intermediate  gradations  are  known  to 
exist;  cases  of  instinct  of  such  trifling 
importance,  that  they  could  hardly  have 
been  acted  on  by  natural  selection  ;  cases 
of  instincts  almost  identically  the  same 
in  animals  so  remote  in  the  scale  of  na- 
ture, that  we  cannot  account  for  thei* 
similarity  by  inheritance  from  a  common 
progenitor,  and  consequently  must  be- 
lieve that  they  were  independently  ac- 
quired through  natural  selection.  I  will 
not  here  enter  on  these  several  cases,  but 
will  confine  myself  to  one  special  diffi- 
culty, which  at  first  appeared  to  me  in- 
superable, and  actually  fatal  to  the  whole 
theory.  I  allude  to  the  neuters  or  sterile 
females  in  insect-communities  :  for  these 
neuters  often  differ  widely  in  instinct  and 
in  structure  from  both  the  males  and  fer- 
tile females,  and  yet,  from  being  sterile, 
they  cannot  propagate  their  kind. 

435.  The  subject  well  deserves  to  be 
discussed  at  great  length,  but  I  will  here 
take  only  a  single  case,  that  of  working 
or  sterile  ants.  How  the  workers  have 
been  rendered  sterile  is  a  difficulty ;  but 
not  much  greater  than  that  of  any  other 
striking  modification  of  structure ;  for  it 
can  be  shown  that  some  insects  and 
other  articulate  animals  in  a  state  of  na- 
ture occasionally  become  sterile ;  and  if 
such  insects  had  been  social,  and  it  had 
been  profitable  to  the  community  that  a 
number  should  have  been  annually  born 
capable  of  work,  but  incapable  of  pro- 
creation, I  can  see  no  especial  difficulty 
in  this  having  been  effected  through  nat- 
ural selection.  But  I  must  pass  over 
this  preliminary  difficulty.  The  great  dif- 
ficulty lies  in  the  working  ants  differing 
widely  from  both  the  males  and  the  fer- 
tile females  in  structure,  as  in  the  shape 
of  the  thorax,  and  in  being  destitute  of 
wings  and  sometimes  of  eyes,  and  in  in- 
stinct. As  far  as  instinct  alone  is  con- 
cerned, the  wonderful  difference  in  this 
respect  between  the  workers  and  the  per- 
fect females,  would  have  been  better  ex- 
emplified by  the  hive-bee.  If  a  working 
ant  or  other  neuter  insect  had  been  an 
ordinary  animal,  I  should  have  unhesi- 
tatingly assumed  that  all  its  characters 
had  been  slowly  acquired  through  natu- 
ral selection  ;  namely,  by  individuals  hav- 
ing been  born  with  slight  profitable  mod- 
ifications, which  were  inherited  by  the 
offspring;  and  that  these  again  varied 
and  again  were  selected,  and  so  onward. 
But  with  the  working  ant  we  have  an  in- 
sect differing  greatly  from  its  parents, 
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yet  absolutely  sterile;  so  that  it  could 
never  have  transmitted  successively  ac- 
quired modifications  of  structure  or  in- 
stinct to  its  progeny.  It  may  well  be 
asked  how  is  it  possible  to  reconcile  this 
case  with  the  theory  of  natural  selec- 
tion? 

436.  First,  let  it  be  remembered  that 
we  have  innumerable  instances,  both  in 
our  domestic  productions  and  in  those  in 
a  state  of  nature,  of  all  sorts  of  differ- 
ences of  inherited  structure  which  are 
correlated  with  certain  ages,   and  with 
either  sex.    We  have  differences  corre- 
lated not  only  with  one  sex,  but  with  that 
short  period  when  the  reproductive  sys- 
tem is  active,  as  in  the  nuptial  plumage 
of  many  birds,  and  in  the  hooked  jaws  of 
the  male  salmon.    We  have  even  slight 
differences  in  the  horns  of  different  breeds 
of  cattle  in  relation  to  an  artificially  im- 
perfect state  of  the  male  sex ;  for  oxen  of 
certain  breeds  have  longer  horns  than 
the  oxen  of  other  breeds,  relatively  to  the 
length  of  the  horns  in  both  the  bulls  and 
cows  of  these  same  breeds.     Hence   I 
can  see  no  great  difficulty  in  any  charac- 
ter becoming  correlated  with  the  sterile 
condition  of  certain  members  of  insect- 
communities  :  the  difficulty  lies  in  under- 
standing how  such  correlated  modifica- 
tions of  structure  could  have  been  slowly 
accumulated  by  natural  selection. 

437.  This  difficulty,  though  appearing 
insuperable,  is  lessened,  or,  as  I  believe, 
disappears,  when  it  is  remembered  that 
selection  may  be  applied  to  the  family,  as 
well  as  to  the  individual,  and  may  thus 
gain  the  desired  end.     Breeders  of  cattle 
wish  the  flesh  and  fat  to  be  well  marbled 
together :   an  animal  thus  characterized 
has  been  slaughtered,  but  the  breeder  has 
gone  with  confidence  to  the  same  stock 
and  has  succeeded.     Such  faith  may  be 
placed  in  the  power  of  selection,  that  a 
breed  of  cattle,  always  yielding  oxen  with 
extraordinarily  long  horns,   could,  it   is 
probable,  be  formed  by  carefully  watch- 
ing which    individual    bulls    and   cows, 
when  matched,  produced  oxen  with  the 
longest  horns  ;  and  yet  no  one  ox  would 
ever  have  propagated  its  kind.     Here  is 
a  better  and  real  illustration :  according 
to    M.    Verlot,    some    varieties    of    the 
double  annual  Stock  from  having  been 
long  and  carefully  selected  to  the  right 
degree,  always  produce  a  large  propor- 
tion   of    seedlings  bearing  double    and 
quite  sterile  flowers ;   but  they  likewise 
yield    some    single    and    fertile    plants. 
These  latter,  by  which  alone  the  variety 
c?.n   be  propagated,   may  be  compared 


with  the  fertile  male  and  female  ants, 
and  the  double  sterile  plants  with  the 
neuters  of  the  same  community.  As  with 
the  varieties  of  the  stock,  so  with  social 
insects,  selection  has  been  applied  to  the 
family,  and  not  to  the  individual,  for  the 
sake  of  gaining  a  serviceable  end.  Hence 
we  may  conclude  that  slight  modifica- 
tions of  structure  or  of  instinct,  corre- 
lated with  the  sterile  condition  of  certain 
members  of  the  community,  have  proved 
advantageous :  consequently  the  fertile 
males  and  females  have  flourished,  and 
transmitted  to  their  fertile  offspring  a 
tendency  to  produce  sterile  members  with 
the  same  modifications.  This  process 
must  have  been  repeated  many  times, 
until  that  prodigious  amount  of  ditfer- 
ence  between  the  fertile  and  sterile  fe- 
males of  the  same  species  has  been  pro- 
duced, which  we  see  in  many  social  in- 
sects. 

438.  But  we  have  not  as  yet  touched 
on  the  climax  of  the  difficulty ;  namely, 
the  fact  that  the  neuters  of  several  ants 
differ,  not  only  from  the  fertile  females 
and  males,  but  from  each  other,  some- 
times to  an  almost  incredible  degree,  and 
are  thus  divided  into  two  or  even  three 
castes.     The    castes,   moreover,   do   not 
commonly  graduate  into  each  other,  but 
are  perfectly  well  defined  ;  being  as  dis- 
tinct from   each  other  as   are   any  two 
species  of  the  same  genus,  or  rather  as 
any  two    genera    of    the    same   family. 
Thus  in  Eciton,  there  are  working  and 
soldier  neuters,  with  jaws  and  instincts 
extraordinarily  different ;  in  Cryptocerus, 
the  workers  of  one  caste  alone  carry  a 
wonderful  sort  of  shield  on  their  heads, 
the  use  of  which  is  quite  unknown :   in 
the  Mexican  Myrmecocystus,  the  workers 
of  one  caste  never  leave  the  nest ;  they 
are  fed  by  the  workers  of  another  caste, 
and  they  have  an  enormously  developed 
abdomen  which  secretes  a  sort  of  honey, 
supplying  the  place  of  that  excreted  by 
the   aphides,  or  the   domestic   cattle   as 
they  may  be  called,  which  our  European 
ants  guard  and  imprison. 

439.  It  will  indeed  be  thought  that  I 
have  an  overweening  confidence  in  the 
principle  of  natural  selection,  when  I  do 
not  admit  that  such  wonderful  and  well- 
established  facts  at  once  annihilate  the 
theory.     In  the  simpler  case  of  neuter  in- 
sects all  of  one  caste,  which,  as  I  believe, 
have  been  rendered  different  from  the  fer- 
tile males  and  females  through  natural 
selection,  we  may  conclude  from  the  anal- 
ogy of  ordinary  variations,  that  the  suc- 
cessive, slight,  profitable  modifications  did 
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not  first  arise  in  all  the  neuters  in  the  same 
nest,  but  in  some  few  alone ;  and  that  by 
the  survival  of  the  communities  with  fe- 
males which  produced  most  neuters  having 
the  advantageous  modification,  all  the 
neuters  ultimately  came  to  be  thus  char- 
acterized. According  to  this  view  we 
ought  occasionally  to  find  in  the  same 
nest  neuters  insects,  presenting  gradations 
of  structure ;  and  this  we  do  find,  even 
not  rarely,  considering  how  few  neuter  in- 
sects out  of  Europe  have  been  carefully 
examined.  Mr.  F.  Smith  has  shown  that 
the  neuters  of  several  British  ants  differ 
surprisingly  from  each  other  in  size  and 
sometimes  in  color ;  and  that  the  extreme 
forms  can  be  linked  together  by  individu- 
als taken  out  of  the  same  nest :  I  have 
myself  compared  perfect  gradations  of 
this  kind.  It  sometimes  happens  that  the 
larger  or  the  smaller  sized  workers  are  the 
most  numerous ;  or  that  both  large  and 
small  are  numerous,  while  those  of  an 
intermediate  size  are  scanty  in  numbers. 
Formica  flava  has  larger  and  smaller 
workers,  with  some  few  of  intermediate 
size ;  and,  in  this  species,  as  Mr.  F.  Smith 
has  observed,  the  larger  workers  have 
simple  eyes  (ocelli),  which  though  small 
can  be  plainly  distinguished,  whereas  the 
smaller  workers  have  their  ocelli  rudiment- 
ary. Having  carefully  dissected  several 
specimens  of  these  workers,  I  can  affirm 
that  the  eyes  are  far  more  rudimentary  in 
the  smaller  workers  than  can  be  account- 
ed for  merely  by  their  proportionally  lesser 
size ;  and  I  fully  believe,  though  I  dare 
not  assert  so  positively,  that  the  workers 
of  intermediate  size  have  their  ocelli  in  an 
exactly  intermediate  condition.  So  that 
here  we  have  two  bodies  of  sterile  work- 
ers in  the  same  nest,  differing  not  only 
in  size,  but  in  their  organs  of  vision,  yet 
connected  by  some  few  members  in  an 
intermediate  condition.  I  may  digress  by 
adding,  that  if  the  smaller  workers  had 
been  the  most  useful  to  the  community, 
and  those  males  and  females  had  been 
continually  selected,  which  produced 
more  and  more  of  the  smaller  workers, 
until  all  the  workers  were  in  this  condi- 
tion ;  we  should  then  have  had  a  species 
of  ant  with  neuters  in  nearly  the  same 
condition  as  those  of  Myrmica.  For  the 
workers  of  Myrmica  have  not  even  rudi- 
ments of  ocelli,  though  the  male  and  fe- 
male ants  of  this  genus  have  well-devel- 
oped ocelli. 

440.  I  may  give  one  other  case  :  so  con- 
fidently did  I  expect  occasionally  to  find 
gradations  of  important  structures  be- 
tween the  different  castes  of  neuters  in  the 


same  species,  that  I  gladly  availed  myself 
of  Mr.  F.  Smith's  offer  of  numerous  spec- 
imens from  the  same  nest  of  the  driver 
ant  (Anomma)  of  West  Africa.  The 
reader  will  perhaps  best  appreciate  the 
amount  of  difference  in  these  workers,  by 
my  giving  not  the  actual  measurements, 
but  a  strictly  accurate  illustration:  the 
difference  was  the  same  as  if  we  were  to 
see  a  set  of  workmen  building  a  house,  of 
whom  many  were  five  feet  four  inches 
high,  and  many  sixteen  feet  high  ;  but  we 
must  in  addition  suppose  that  the  larger 
workmen  had  heads  four  instead  of  three 
times  as  big  as  those  of  the  smaller  men, 
and  jaws  nearly  five  times  as  big.  The 
jaws,  moreover,  of  the  working  ants  of 
the  several  sizes  differed  wonderfully  in 
shape,  and  in  the  form  and  number  of  the 
teeth.  But  the  important  fact  for  us  is, 
that,  though  the  workers  can  be  grouped 
into  castes  of  different  sizes,  yet  they  grad- 
uate insensibly  into  each  other,  as  does 
the  widely-different  structure  of  their 
jaws.  I  speak  confidently  on  this  latter 
point,  as  Sir  J.  Lubbock  made  drawings 
for  me,  with  the  camera  lucida,  of  the 
jaws  which  I  dissected  from  the  workers 
of  the  several  sizes.  Mr.  Bates,  in  his  in- 
teresting '  Naturalist  on  the  Amazons, 
has  described  analogous  cases. 

441.  With  these  facts  before  me,  I  be- 
lieve that  natural  selection,  by  acting  on 
the  fertile  ants  or  parents,  could  form  a 
species  which  should   regularly  produce 
neuters,  all  of  large  size  with  one  form  of 
jaw,  or  all  of  small  size  with  widely  differ- 
ent jaws  ;  or  lastly,  and  this  is  the  climax 
of  difficulty,  one  set  of  workers  of  one  size 
and  structure,  and  simultaneously  another 
set   of   workers   of  a  different  size  and 
structure ; — a    graduated    series    having 
first  been  formed,  as  in  the  case  of  the 
driver  ant,  and  then  the  extreme  forms 
having    been    produced   in  greater  and 
greater  numbers,  through  the  survival  of 
the  parents  which  generated  them,  until 
none  with  an  intermediate  structure  were 
produced. 

442.  An    analogous    explanation    has 
been  given  by  Mr.  Wallace,  of  the  equally 
complex  case,  of  certain  Malayan  Butter- 
flies regularly  appearing  under  two   or 
even  three  distinct  female  forms ;  and  by 
Fritz  Miiller,  of  certain  Brazilian  crusta- 
ceans likewise  appearing  under  two  wide- 
ly distinct  male  forms.     But  this  subject 
need  not  here  be  discussed. 

443.  I   have  now  explained  how,  as  I 
believe,  the  wonderful  fact  of  two  distinct- 
ly defined  castes  of  sterile  workers  exist- 
ing in  the  same  nest,  both  widely  differ 
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ent  irom  each  other  and  from  their 
parents,  has  originated.  We  can  see  how 
useful  their  production  may  have  been  to 
a  social  community  of  ants,  on  the  same 
principle  that  the  division  of  labor  is  use- 
ful to  civilized  man.  Ants,  however,  work 
by  inherited  instincts  and  by  inherited 
organs  or  tools,  while  man  works  by 
acquired  knowledge  and  manufactured 
instruments.  But  I  must  confess,  that, 
with  all  my  faith  in  natural  selection,  I 
should  never  have  anticipated  that  this 
principle  could  have  been  efficient  in  so 
high  a  degree,  had  not  the  case  of  these 
neuter  insects  led  me  to  this  conclusion. 
I  have,  therefore,  discussed  this  case,  at 
some  little  but  wholly  insufficient  length, 
in  order  to  show  the  power  of  natural  se- 
lection, and  likewise  because  this  is  by  far 
the  most  serious  special  difficulty  which 
my  theory  has  encountered.  The  case, 
also,  is  very  interesting,  as  it  proves  that 
with  animals,  as  with  plants,  any  amount 
of  modification  may  be  effected  by  the 
accumulation  of  numerous,  slight,  spon- 
taneous variations,  which  are  in  any  way 
profitable,  without  exercise  or  habit  having 
been  brought  into  play.  For  peculiar 
habits  confined  to  the  workers  or  sterile 
females,  however  long  they  might  be  fol- 
lowed, could  not  possibly  affect  the  males 
and  fertile  females,  which  alone  leave 
descendants.  I  am  surprised  that  no  one 
has  hitherto  advanced  this  demonstrative 
case  of  neuter  insects,  against  the  well- 
known  doctrine  of  inherited  habit,  as  ad- 
vanced by  Lamarck. 

Summary. 

444.  I  have  endeavored  in  this  chapter 
briefly  to  show  that  the  mental  qualities 
of  our  domestic  animals  vary,  and  that 
the  variations  are  inherited.  Still  more 
briefly  I  have  attempted  to  show  that  in- 
stincts vary  slightly  in  a  state  of  nature. 
No  one  will  dispute  that  instincts  are  of 
the  highest  importance  to  each  animal. 
Therefore  there  is  no  real  difficulty,  under 
changing  conditions  of  life,  in  natural  se- 
lection accumulating  to  any  extent  slight 
modifications  of  instinct  which  are  in  any 
way  useful.  In  many  cases  habit  or  use 
and  disuse  have  probably  come  into  play. 


I  do  not  pretend  that  the  facts  given  in 
this  chapter  strengthen  in  any  great 
degree  my  theory  ;  but  none  of  the  cases 
of  difficulty,  to  the  best  of  my  judgment, 
annihilate  it.  On  the  other  hand,  the  fact 
that  instincts  are  not  always  absolutely 
perfect  and  are  liable  to  mistakes  : — that 
no  instinct  can  be  shown  to  have  been 
produced  for  the  good  of  other  animals, 
though  animals  take  advantage  of  tht 
instincts  of  others ; — that  the  canon  in 
natural  history,  of  '  Natura  non  facit  sal- 
turn,'  is  applicable  to  instincts  as  well  as 
to  corporeal  structure,  and  is  plainly 
explicable  on  the  foregoing  views,  but  is 
otherwise  inexplicable, — all  tend  to  cor- 
roborate the  theory  of  natural  selection. 

445.  This  theory  is  also  strengthened  by 
some  few  other  facts  in  regard  to  instincts  , 
as  by  that  common  case  of  closely  allied, 
but  distinct,  species,  when  inhabiting 
distant  parts  of  the  world  and  living  under 
considerably  different  conditions  of  life, 
yet  often  retaining  nearly  the  same  in- 
stincts. For  instance,  we  can  under- 
stand, on  the  principle  of  inheritance,  how 
it  is  that  the  thrush  of  tropical  South 
America  lines  its  nest  with  mud,  in  the 
same  peculiar  manner  as  does  our  British 
thrush;  how  it  is  that  the  Hornbills  of 
Africa  and  India  have  the  same  extraor- 
dinary instinct  of  plastering  up  and  im- 
prisoning the  females  in  a  hole  in  a  tree, 
with  only  a  small  hole  left  in  the  plaster 
through  which  the  males  feed  them  and 
their  young  when  hatched  ;  how  it  is  that 
the  male  wrens  (Troglodytes)  of  North 
America  build  "cock-nests,"  to  roost  in, 
like  the  males  of  our  Kitty-wrens, — a 
habit  wholly  unlike  that  of  any  other 
known  bird.  Finally,  it  may  not  be  a 
logical  deduction,  but  to  my  imagination 
it  is  far  more  satisfactory  to  look  at  such 
instincts  as  the  young  cuckoo  ejecting  its 
foster-brothers, — ants  making  slaves, — 
the  larvae  of  ichneumonidas  feeding  within 
the  live  bodies  of  caterpillars, — not  as 
specially  endowed  or  created  instincts 
but  as  small  consequences  of  one  gen- 
eral law  leading  to  the  advancement  of 
all  organic  beings,-  namely,  multiply, 
vary,  let  the  strongest  live  and  the  weak 
est  die. 
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CHAPTER  IX. 

HYBRIDISM. 

Distinction  between  the  sterility  of  first  crosses 
a.n6.  of  hybrids — Sterility  various  in  degree, 
not  universal,  affected  by  close  interbreeding, 
removed  by  domestication — Laws  governing 
the  sterility  o{  hybrids— Sterility  not  a  special 
endowment,  but  incidental  on  other  differences, 
not  accumulated  by  natural  selection— Causes 
of  the  sterility  of  first  crosses  and  of  hybrids — 
Parallelism  between  the  effects  of  changed  con- 
ditions of  life  and  of  crossing — Dimorphism 
and  trimorphism — Fertility  of  varieties  when 
crossed  and  of  their  mongrel  offspring  not  uni- 
rersal — Hybrids  and  mongrels  compared  inde- 
pendently of  their  fertility— Summary. 

446.  THE  view  commonly  entertained 
by  naturalists  is  that  species,  when  inter- 
crossed,   have    been   specially  endowed 
with  sterility,  in  order  to  prevent  their 
confusion.     This  view  certainly  seems  at 
first    highly  probable,  for  species  living 
together  coulo  hardly  have  been  kept  dis- 
tinct   had   they  been  capable   of   freely 
crossing.     The  subject  is  in  many  ways 
important  for  us,  more  especially  as  •  the 
sterility  of  species    when   first    crossed, 
and  that  of  their  hybrid  offspring,  cannot 
have  been  acquired,  as  I  shall  show,  by 
the  preservation  of  successive  profitable 
degrees  of  sterility.     It  is   an   incidental 
result  of  differences  in  the  reproductive 
systems  of  the  parent-species. 

447.  In     treating     this     subject,    two 


classes  of  facts,  to  a  large  extent  funda- 
mentally different,  have  generally  been 
confounded  ;  namely,  the  sterility  of  spe- 
cies when  first  crossed,  and  the  sterility 
of  the  hybrids  produced  from  them. 

448.  Pure  species  have  of  course  their 
organs  of  reproduction  in  a  perfect  condi- 
tion, yet  when  intercrossed  they  produce 
either  few  or  no  offspring.     Hybrids,  on 
the  other  hand,  have  their  reproductive 
organs  functionally  impotent,  as  may  be 
clearly  seen  in  the  state  of  the  male  ele- 
ment in  both  plants  and  animals  ;  though 
the  formative  organs  themselves  are  per- 
fect in  structure,  as  far  as  the  microscope 
reveals.     In  the  first  case  the  two  sexual 
elements  which  go  to  form  the  embryo 
are  perfect  ;  in  the  second  case  they  are 
either  not  at  all  developed,  or  are  imper- 
fectly developed.     This  distinction  is  im- 
portant, when  the  cause  of  the  sterility, 
which  is  common  to  the  two  cases,  has  to 
be  considered.     The  distinction  probably 
has  been  slurred  over,  owing  to  the  steril- 
ity in  both  cases  being  looked  on  as  a 
special  endowment,  beyond  the  province 
of  our  reasoning  powers. 

449.  The  fertility  of  varieties,  that  is  of 
the  forms  known  or  believed  to  be  de- 
scended  from    common    parents,  when 
crossed,  and  likewise  the  fertility  of  their 
mongrel  offspring,  is,  with  reference  to 
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my  theory,  of  equal  importance  with  the 
sterility  of  species  ;  for  it  seems  to  make 
a  broad  and  clear  distinction  between  va- 
rieties and  species. 

Degrees  of  Sterility, 

450.  First,  for  the  sterility  of  species 
when  crossed  and  of  their  hybrid  off- 
spring. It  is  impossible  to  study  the  sev- 
eral memoirs  and  works  of  those  two  con- 
scientious and  admirable  observers,  K61- 
reuter  and  Gartner,  who  almost  devoted 
their  lives  to  this  subject,  without  being 
deeply  impressed  with  the  high  generality 
ot  some  degree  of  sterility.  Kolreuter 
makes  the  rule  universal ;  but  then  he 
cuts  the  knot,  for  in  ten  cases  in  which 
he  found  two  forms,  considered  by  most 
authors  as  distinct  species,  quite  fertile 
together,  he  unhesitatingly  ranks  them  as 
varieties.  Gartner,  also,  makes,  the  rule 
equally  universal ;  and  he  disputes  the 
entire  fertility  of  Kolreuter's  ten  cases. 
But  in  these  and  in  many  other  cases, 
Gartner  is  obliged  carefully  to  count  the 
seeds,  in  order  to  show  that  there  is  any 
degree  of  sterility.  He  always  compares 
the  maximum  number  of  seeds  produced 
by  two  species  when  first  crossed,  and  the 
maximum  produced  by  their  hybrid  off- 
spring, with  the  average  number  produced 
by  both  pure  parent-species  in  a  state  of 
nature.  But  causes  of  serious  error  here 
intervene :  a  plant,  to  be  hybridized, 
must  be  castrated,  and,  what  is  often 
more  important,  must  be  secluded  in 
order  to  prevent  pollen  being  brought  to 
it  by  insects  from  other  plants.  Nearly 
all  the  plants  experimented  on  by  Gartner 
were  potted,  and  were  kept  in  a  chamber 
in  his  house.  That  these  processes  are 
often  injurious  to  tne  fertility  of  a  plant 
cannot  be  doubted  ;  for  Gartner  gives  in 
his  table  about  a  score  of  cases  of  plants 
which  he  castrated,  and  artificially  fertil- 
ized with  their  own  pollen,  and  (excluding 
all  cases  such  as  the  Leguminosae,  in 
which  there  is  an  acknowledged  difficulty 
in  the  manipulation)  half  of  these  twenty 
plants  had  their  fertility  in  some  degree 
impaired.  Moreover,  as  Gartner  repeat- 
edly crossed  some  forms,  such  as  the 
common  red  and  blue  pimpernels  (Ana- 
gallis  arvensis  and  ccerulea),  which  the 
best  botanists  rank  as  varieties,  and  found 
them  absolutely  sterile,  we  may  doubt 
whether  many  species  are  really  so  sterile, 
when  intercrossed,  as  he  believed. 

451.  It  is  certain,  on  the  one  hand, 
that  the  sterility  of  various  species  when 
crossed  is  so  different  in  degree  and  grad- 
uates awav  so  insensibly,  and,  on  the 


other  hand,  that  the  fertility  of  pure  sp<&. 
cies  is  so  easily  affected  by  various  cir- 
cumstances, that  for  all  practical  purposes 
it  is  most  difficult  to  say  where  perfect 
fertility  ends  and  sterility  begins.  I 
think  no  better  evidence  of  this  can  be 
required  than  that  the  two  most  experi- 
enced observers  who  have  ever  lived, 
namely  Kolreuter  and  Gartner,  arrived  at 
diametrically  opposite  conclusions  in  re- 
gard to  some  of  the  very  same  forms. 
It  is  also  most  instructive  to  compare — 
but  I  have  not  space  here  to  enter  on  de- 
tails— the  evidence  advanced  by  our  best 
botanists  on  the  question  whether  certain 
doubtful  lorms  should  be  ranked  as  spe- 
cies or  varieties,  with  the  evidence  from 
fertility  adduced  by  different  hybridizers, 
or  by  the  same  observer  from  experiments 
made  during  different  years.  It  can  thus 
be  shown  that  neither  sterility  nor  fertil- 
ity affords  any  certain  distinction  between 
species  and  varieties.  The  evidence  from 
this  source  graduates  f.way,  and  is 
doubtful  in  the  same  degree  as  is  the  evi- 
dence derived  from  other  constitutional 
and  structural  differences. 

452.  In  regard  to  the  sterility  of  hy- 
brids in  successive  generations  ;  though 
Gartner  was  enabled  to  rear  some  hybrids 
carefully  guarding  them  from  a  cross 
with  either  pure  parent,  for  six  or  seven, 
and  in  one  case  for  ten  generations,  yet 
he  asserts  positively  that  their  fertility 
never  increases,  but  generally  decreases 
greatly  and  suddenly.  With  respect  to 
this  decrease,  it  may  first  be  noticed  that 
when  any  deviation  in  structure  or  con- 
stitution is  common  to  both  parents,  this 
is  often  transmitted  in  an  augmented  de- 
gree to  the  offspring ;  and  both  sexual 
elements  in  hybrid  plants  are  already 
affected  in  some  degree.  But  I  believe 
that  their  fertility  has  been  diminished  in 
nearly  all  these  cases  by  an  independent 
cause,  namely,  by  too  close  interbreeding. 
I  have  made  so  many  experiments  and 
collected  so  many  facts,  showing  on  the 
one  hand  that  an  occasional  cross  with  a 
distinct  individual  or  variety  increases  the 
vigor  and  fertility  of  the  offspring,  and 
on  the  other  hand  that  very  close  inter- 
breeding lessens  their  vigor  and  fertility, 
that  I  cannot  doubt  the  correctness  of 
this  conclusion.  Hybrids  are  seldom 
raised  by  experimentalists  in  great  num- 
bers ;  and  as  the  parent-species,  or  other 
allied  hybrids,  generally  grow  in  the  same 
garden,  the  visits  of  insects  must  be  care- 
fully prevented  during  the  flowering  sea- 
son :  hence  hybrids,  if  left  to  themselves, 
will  generally  be  fertilized  during  each 
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generation  by  pollen  from  the  same 
flower ;  and  this  would  probably  be  inju- 
rious to  their  fertility,  already  lessened 
by  their  hybrid  origin.  I  am  strength- 
ened in  this  conviction  by  a  remarkable 
statement  repeatedly  made  by  Gartner, 
namely,  that  if  even  the  less  fertile  hy- 
brids be  artificially  fertilized  with  hybrid 
pollen  of  the  same  kind,  their  fertility, 
notwithstanding  the  frequent  ill  effects 
from  manipulation,  sometimes  decidedly 
increases,  and  goes  on  increasing.  Now, 
in  the  process  of  artificial  fertilization, 
pollen  is  as  often  taken  by  chance(as  I  know 
from  my  own  experience)  from  the  anth- 
ers of  another  flower,  as  from  the  anthers 
of  the  flower  itself  which  is  to  be  fertil- 
ized ;  so  that  a  cross  between  two  flowers, 
though  probably  often  on  the  same  plant, 
would  be  thus  effected.  Moreover, 
whenever  complicated  experiments  are 
in  progress,  so  careful  an  observer  as 
Gartner  would  have  castrated  his  hybrids, 
and  this  would  have  ensured  in  each  gen- 
eration a  cross  with  pollen  from  a  distinct 
flower,  either  from  the  same  plant  or  from 
another  plant  of  the  same  hybrid  nature. 
And  thus,  the  strange  fact  of  an  increase 
of  fertility  in  the  successive  generations 
of  artificially  fertilized  hybrids,  in  con- 
trast with  those  spontaneously  self-fertil- 
ized, may,  as  I  believe,  be  accounted  for 
by  too  close  interbreeding  having  been 
avoided. 

453.  Now  let   us  turn  to  the  results 
arrived  at  by  a  third  most   experienced 
hybridizer,  namely,    the  Hon.  and  Rev. 
W.  Herbert.     He  is  as  emphatic  in  his 
conclusion  that    some  hybrids  are  per- 
fectly fertile — as  fertile  as  the  pure  par- 
ent-species— as  are  Kblreuter  and  Gart- 
ner that  some  degree  of  sterility  between 
distinct  species  is  a  universal  law  of  nat- 
ure.    He  experimented  on  some  of  the 
very  same  species  as  did  Gartner.     The 
difference  in  their  results  may,  I  think,  be 
in  part  accounted  for  by  Herbert's  great 
horticultural  skill,  and  by  his  having  hot- 
houses at  his  command.     Of  his   many 
important  statements  I  will  here  give  only 
a  single  one  as  an  example,  namely,  that 
"  every  ovule  in  a  pod  of  Crinum  capense 
fertilized   by  C.   revolutum   produced  a 
plant,  which  I  never  saw  to  occur  in  a 
case  of  its  natural  fecundation."     So  that 
here  we  have  perfect  or  even  more  than 
commonly  perfect  fertility,  in  a  first  cross 
between  two  distinct  species. 

454.  This  case  of  the  Crinum  leads  me 
to  refer  to  a  singular  fact,  namely,  that 
individual  plants  of  certain  species  of  Lo- 
belia,   Verbascum    and    Passiflora,    can 
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easily  be  fertilized  by  pollen  from  a  dis- 
tinct species,  but  not  by  pollen  from  the 
same  plant,  though  this  pollen  can  be 
proved  to  be  perfectly  sound  by  fertilizing 
other  plants  or  species.  In  the  genus 
Hippeastrum,  in  Corydalis  as  shown  by 
Professor  Hildebrand,  in  various  orchids 
as  shown  by  Mr.  Scott  and  Fritz  Miiller, 
all  the  individuals  are  in  this  peculiar  con- 
dition. So  that  with  some  species,  cer- 
tain abnormal  individuals,  and  in  other 
species  all  the  individuals,  can  actually  be 
hybridized  much  more  readily  than  they 
can  be  fertilized  by  pollen  from  the  same 
individual  plant !  To  give  one  instance, 
a  bulb  of  Hippeastrum  aulicum  produced 
four  flowers;  three  were  fertilized  by 
Herbert  with  their  own  pollen,  and  the 
fourth  was  subsequently  fertilized  by  the 
pollen  of  a  compound  hybrid  descended 
from  three  distinct  species :  the  result 
was  that  "  the  ovaries  of  the  three  first 
flowers  soon  ceased  to  grow,  and  after 
a  few  days  perished  entirely,  whereas  the 
pod  impregnated  by  the  pollen  of  the 
hybrid  made  vigorous  growth  and  rapid 
progress  to  maturity,  and  bore  good  seed, 
which  vegetated  freely."  Mr.  Herbert 
tried  similar  experiments  during  many 
years,  and  always  with  the  same  result. 
These  cases  serve  to  show  on  what 
slight  and  mysterious  causes  the  lesser 
or  greater  fertility  of  a  species  some- 
times depends. 

455.  The  practical  experiments  of  hor- 
ticulturists, though  not  made  with  sci- 
entific precision,  deserve  some  notice.  It 
is  notorious  in  how  complicated  a  manner 
the  species  of  Pelargonium,  Fuchsia,  Cal- 
ceolaria, Petunia,  Rhododendron,  etc., 
have  been  crossed,  yet  many  of  these 
hybrids  seed  freely.  For  instance,  Her- 
bert asserts  that  a  hybrid  from  Calceo- 
laria integrifolia  and  plantaginea,  species 
most  widely  dissimilar  in  general  habit, 
"  reproduces  itself  as  perfectly  as  if  it  had 
been  a  natural  species  from  the  mount- 
ains of  Chili."  I  have  taken  some  pains 
to  ascertain  the  degree  of  fertility  of 
some  of  the  complex  crosses  of  Rhodo- 
dendrons, and  I  am  assured  that  many  of 
them  are  perfectly  fertile.  Mr.  C.  Noble, 
for  instance,  informs  me  that  he  raises 
stocks  for  grafting  from  a  hybrid  between 
Rhod.  ponticum  and  catawbiense,  and 
that  this  hybrid  "  seeds  as  freely  as  it  is 
possible  to  imagine."  Had  hybrids, 
when  fairly  treated,  always  gone  on  de- 
creasing in  fertility  in  each  successive 
generation,  as  Gartner  believed  to  be  the 
case,  the  fact  would  have  been  notorious 
to  nursery-men.  Horticulturists  raise 
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large  beds  of  the  same  hybrid,  and  such 
alone  are  are  fairly  treated,  for  by  insect 
agency  the  several  individuals  are  allowed 
to  cross  freely  with  each  other,  and  the 
injurious  influence  of  close  interbreeding 
is  thus  prevented.  Any  one  may  readily 
convince  himself  of  the  efficiency  of 
insect-agency  by  examining  the  flowers  of 
the  more  sterile  kinds  of  hybrid  Rhodo- 
dendrons, which  produce  no  pollen,  for 
he  will  find  on  their  stigmas  plenty  of 
pollen  brought  from  other  flowers. 

456.  In  regard  to  animals,  much  fewer 
experiments  have    been    carefully  tried 
than    with    plants.      If  our    systematic 
arrangements  can  be  trusted,  that  is,  if 
the  genera  of  animals  are  as  distinct  from 
each  other  as  are  the  genera  of  plants, 
then  we   may  infer  that  animals  more 
widely  distinct  in  the  scale  of  nature  can 
be  crossed  more  easily  than  in  the  case 
of  plants ;   but  the   hybrids  themselves 
are,   I   think,   more   sterile.     It  should, 
however,  be  borne  in  mind  that,  owing  to 
few  animals  breeding  freely  under  confine- 
ment, few  experiments  have  been  fairly 
tried :  for  instance,  the  canary-bird  has 
been  crossed  with  nine  distinct  species  of 
finches,  but,  as  not  one  of  these  breeds 
freely  in  confinement,  we  have  no  right 
to  expect  that  the  first  crosses  between 
them    and    the    canary,    or    that    their 
hybrids,     should    be     perfectly    fertile. 
Again,  with  respect  to  the  fertility  in  suc- 
cessive generations  of  the  more  fertile 
hybrid    animals,   I   hardly  know  of   an 
instance  in  which  two    families  of  the 
same  hybrid  have  been    raised  at  the 
same  time  from  different  parents,  so  as  to 
avoid  the  ill  effects  of  close  interbreeding. 
On   the   contrary,   brothers    and  sisters 
have  usually  been  crossed  in  each  suc- 
cessive generation,  in  opposition  to  the 
constantly  repeated  admonition  of  every 
breeder.     And  in  this  case,  it  is  not  at  all 
surprising  that  the  inherent  sterility  in  the 
hybrids  should  have  gone  on  increasing. 

457.  Although  I  know  of  hardly  any 
thoroughly   well-authenticated    cases   of 
perfectly  fertile   hybrid   animals,  I  have 
reason  to  believe  that  the  hybrids  from 
Cervulus  vaginalis  and  Reevesii,  and  from 
Phasianus  colchicus   with   P.   torquatus, 
are    perfectly    fertile.      M.    Quatrefages 
states  that  the  hybrids  from  two  moths 
(Bombyx    cynthia    and    arrindia)    were 
proved  in  Paris  to  be  fertile  inter  se  for 
eight  generations.      It  has   lately  been 
asserted  that  two  such  distinct  species  as 
the  hare  and  rabbit,  when  they  can  be 
got  to  breed  together,  produce  offspring, 
which  are  highly  fertile    when  crossed 


with  one  of  the  parent-species.  The 
hybrids  from  the  common  and  Chinese 
geese  (A.  cygnoides),  species  which  are 
so  different  that  they  are  generally 
ranked  in  distinct  genera,  have  often  bred 
in  this  country  with  either  pure  parent, 
and  in  one  single  instance  they  have  bred 
inter  se.  This  was  effected  by  Mr. 
Eyton,  who  raised  two  hybrids  from  the 
same  parents,  but  from  different  hatches  ; 
and  from  these  two  birds  he  raised  no 
less  than  eight  hybrids  (grandchildren  of 
the  pure  geese)  from  one  nest.  In  India, 
however,  these  cross-bred  geese  must  be 
far  more  fertile  ;  for  I  am  assured  by  two 
eminently  capable  judges,  namely  Mr. 
Blyth  and  Capt.  Hutton,  that  whole 
flocks  of  these  crossed  geese  are  kept  in 
various  parts  of  the  country  ;  and  as  they 
are  kept  for  profit,  where  neither  pure 
parent-species  exists,  they  must  certainly 
be  highly  or  perfectly  fertile. 

458.  With  our  domesticated  animals, 
the  various  races  when  crossed  together 
are  quite  fertile ;  yet  in  many  cases  they 
are  descended  from  two  or  more  wild 
species.  From  this  fact  we  must  con- 
clude either  that  the  aboriginal  parent- 
species  at  first  produced  perfectly  fertile 
hybrids,  or  that  the  hybrids  subsequently 
reared  under  domestication  became  quite 
fertile.  This  latter  alternative,  which 
was  first  propounded  by  Pallas,  seems  by 
far  the  most  probable,  and  can,  indeed, 
hardly  be  doubted.  It  is,  for  instance, 
almost  certain  that  our  dogs  are  de- 
scended from  several  wild  stocks  ;  yet, 
with  perhaps  the  exception  of  certain 
indigenous  domestic  dogs  of  South 
America,  all  are  quite  fertile  together; 
but  analogy  makes  me  greatly  doubt, 
whether  the  several  aboriginal  species 
would  at  first  have  freely  bred  together 
and  have  produced  quite  fertile  hybrids. 
So  again  I  have  lately  acquired  decisive 
evidence  that  the  crossed  offspring  from 
the  Indian  humped  and  common  cattle 
are  inter  se  perfectly  fertile ;  and  from 
the  observations  by  Riitimeyer  on  their 
important  osteological  differences,  as  well 
as  from  those  by  Mr.  Blyth  on  their  dif- 
ferences in  habits,  voice,  constitution,  etc., 
these  two  forms  must  be  regarded  aa 
good  and  distinct  species.  The  samo, 
remarks  may  be  extended  to  the  two 
chief  races  of  the  pig.  We  must,  there- 
fore, either  give  up  the  belief  of  the  uni- 
versal sterility  of  species  when  crossed ; 
or  we  must  look  at  this  sterility  in  ani- 
mals not  as  an  indelible  characteristic, 
but  as  one  capable  of  being  removed  by 
domestication.  Finally,  considering  all 
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the  ascertained  facts  on  the  intercross- 
ing of  plants  and  animals,  it  may  be 
concluded  that  some  degree  of  sterility, 
both  in  first  crosses  and  in  hybrids,  is  an 
extremely  general  result ;  but  that  it  can- 
not, under  our  present  state  of  knowl- 
edge, be  considered  as  absolutely  uni- 
versal. 

Laws  governing   the  Sterility  of  first 
Crosses  and  of  Hybrids. 

459-  We  will  now  consider  a  little  more 
in  detail  the  laws  governing  the  sterility  of 
first  crosses  and  of  hybrids.  Our  chief 
object  will  be  to  see  whether  or  not  these 
laws  indicate  that  species  have  been 
specially  endowed  with  this  quality,  in 
order  to  prevent  their  crossing  and  blend- 
ing together  in  utter  confusion.  The  fol- 
lowing conclusions  are  drawn  up  chiefly 
from  Gartner's  admirable  work  on  the 
hybridization  of  plants.  I  have  taken 
much  pains  to  ascertain  how  far  they 
apply  to  animals,  and,  considering  how 
scanty  our  knowledge  is  in  regard  to 
hybrid  animals,  I  have  been  surprised  to 
find  how  generally  the  same  rules  apply 
to  both  kingdoms. 

460.  It  has  been  already  remarked, 
that  the  degree  of  fertility,  both  of  first 
crosses  and  of  hybrids,  graduates  from 
zero  to  perfect  fertility.  It  is  surprising 
in  how  many  curious  ways  this  gradation 
can  be  shown  ;  but  only  the  barest  out- 
line of  the  facts  can  here  be  given. 
When  pollen  from  a  plant  of  one  family 
is  placed  on  the  stigma  of  a  plant  of  a 
distinct  family,  it  exerts  no  more  influence 
than  so  much  inorganic  dust.  From  this 
absolute  zero  of  fertility,  the  pollen  of 
different  species  applied  to  the  stigma  of 
some  one  species  of  the  same  genus, 
yields  a  perfect  gradation  in  the  number 
of  seeds  produced,  up  to  nearly  complete 
or  even  quite  complete  fertility;  and,  as 
we  have  seen,  in  certain  abnormal  cases, 
even  to  an  excess  of  fertility,  beyond  that 
which  the  plant's  own  pollen  produces. 
So  in  hybrids  themselves,  there  are  some 
which  never  have  produced,  and  probably 
never  would  produce,  even  with  the 
pollen  of  the  pure  parents,  a  single  fertile 
seed  :  but  in  some  of  these  cases  a  first 
trace  of  fertility  may  be  detected,  by  the 
pollen  of  one  of  the  pure  parent-species 
causing  the  flower  of  the  hybrid  to  wither 
earlier  than  it  otherwise  would  have  done ; 
and  the  early  withering  of  the  flower  is  well 
known  to  be  a  sign  of  incipient  fertiliza- 
tion. From  this  extreme  degree  of  ster- 
ility we  have  self-fertilized  hybrids  pro- 


ducing a  greater  and  greater  numoer  of 
seeds  up  to  perfect  fertility. 

461.  The    hybrids     raised    from    two 
species  which  are  very  difficult  to  cross, 
and  which  rarely  produce  any  offspring, 
are  generally  very  sterile;  but  the  par- 
allelism between  the  difficulty  of  making 
a  first  cross,   and    the    sterility  of  the 
hybrids  thus  produced — two  classes   of 
facts  which   are    generally    confounded' 
together — is  by  no  means  strict.     There 
are    many  cases,  in    which    two    pure 
species,  as  in  the  genus  Verbascum,  can 
be  united  with  unusual  facility,  and  pro- 
duce    numerous     hybrid-offspring,     yet 
these    hybrids    are    remarkably    sterile. 
On   the  other  hand,   there    are  species 
which  can  be  crossed  very  rarely,  or  with 
extreme  difficulty,  but  the  hybrids,  when 
at  last  produced,  are  very  fertile.     Even 
within  the  limits  of  the  same  genus,  for 
instance,  in  Dianthus,  these  two  opposite 
cases  occur. 

462.  The  fertility,  both  of  first  crosses 
and  of  hybrids,  is  more  easily  affected  by 
unfavorable  conditions,   than   is  that  of 
pure  species.     But  the   fertility  of  first 
crosses  is  likewise  innately  variable ;  for 
it  is  not  always  the  same  in  degree  when 
the  same  two  species  are  crossed  under 
the  same  circumstances ;  it  depends   in 
part   upon   the    constitution   of   the   in- 
dividuals  which   happen   to  have    been 
chosen  for  the  experiment.     So  it  is  with 
hybrids,   for  their  degree  of  fertility  is 
often    found    to    differ    greatly  in    the 
several  individuals  raised  from  seed  out 
of  the  same  capsule  and  exposed  to  the 
same  conditions. 

463.  By  the  term  systematic  affinity  is 
meant,  the  general  resemblance  between 
species    in    structure    and    constitution. 
Now  the  fertility  of  first  crosses,  and  of 
the    hybrids    produced    from    them,    is 
largely    governed    by    their    systematic 
affinity.     This  is  clearly  shown   by  hy- 
brids never  having  been  raised  between 
species  ranked  by  systematists  in  distinct 
families  ;  and  on  the  other  hand,  by  very 
closely   allied   species  generally   uniting 
with   facility.      But   the   correspondence 
between    systematic    affinity    and    the 
facility  of  crossing  is  by  no  means  strict. 
A  multitude  of  cases  could  be  given  of 
very  closely  allied  species  which  will  not 
unite,   or   only  with   extreme  difficulty ; 
and  on   the  other  hand   of  very  distinct 
species   which    unite    with    the    utmost 
facility.     In  the  same  family  there  may  be 
a  genus,  as  Dianthus,  in  which  very  many 
species  can  most  readily  be  crossed  ;  and 
another  genus,   as  Silene,  in  which  the 
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most  persevering  efforts  have  failed  to 
produce  between  extremely  close  species 
a  single  hybrid.  Even  within  the  limits 
of  the  same  genus,  we  meet  with  this 
same  difference  ;  for  instance,  the  many 
species  of  Nicotiana  have  been  more 
largely  crossed  than  the  species  of  almost 
any  other  genus  ;  but  Gartner  found  that 
N.  acuminata,  which  is  not  a  particularly 
distinct  species,  obstinately  failed  to  fer- 
tilize, or  to  be  fertilized  by  no  less  than 
eight  other  species  of  Nicotiana.  Many 
analogous  facts  could  be  given. 

464.  No  one  has  been  able  to  point  out 
what  kind  or  what  amount  of  difference, 
in  any  recognizable  character,  is  sufficient 
to  prevent  two  species  crossing.     It  can 
be  shown  that  plants  most  widely  differ- 
ent in  habit  and  general  appearance,  and 
having    strongly  marked   differences  in 
every  part  of  the  flower,  even  in  the  pol- 
len, in  the  fruit,  and  in  the  cotyledons, 
can  be  crossed.     Annual  and  perennial 
plants,  deciduous  and   evergreen   trees, 
plants  inhabiting  different  stations  and 
fitted  for  extremely  different  climates,  can 
often  be  crossed  with  ease. 

465.  By  a  reciprocal  cross  between  two 
species,  I  mean  the  case,  for  instance,  of 
2   female-ass   being   first   crossed  by  a 
staoicn,  and  then  a  mare  by  a  male-ass : 
these    Tvo  species  may  then  be  said  to 
have  been  ^reciprocally  crossed.     There  is 
often  the  widest  possible  difference  in  the 
facility    of    making    reciprocal    crosses 
Such  cases  are  highly  important,  for  they 
prove  that  the  capacity  :r  any  two  species 
to  cross  is  often  completely  independent 
of  their  systematic  affinity,  that  is  of  any 
difference  in  their  structure  or  constitution, 
excepting  in  their  reproductive  systems. 
The  diversity  of  the  result  in  reciprocal 
crosses  between  the  same  two  species  was 
long  ago  observed  by  Kdlreuter.     To  give 
an  instance :   Mirabilis  jalapa  can  easily 
be  fertilized  by  the  pollen  of  M.  longiflora, 
and  the  hybrids  thus  produced  are  suf- 
ficiently fertile  ;  but  Kolreuter  tried  more 
than  two  hundred    times,   during   eight 
following  years,  to   fertilize   reciprocally 
M.  longiflora  with  the  pollen  of  M.  jalapa, 
and  utterly  failed.     Several  other  equally 
striking   cases  could  be  given.     Thuret 
has  observed  the  same  fact  with  certain 
sea-weeds  or  Fuci.     Gartner,  moreover, 
found  that  this  difference  of  facility  in 
making  reciprocal  crosses   is  extremely 
common  in  a  lesser  degree.     He  has  ob- 
served it  even  between  closely  related 
forms  (as  Matthiola  annua  and  glabra) 
which  many  botanists  rank  only  as  varie- 
ties.    It  is  also  a  remarkable  fact,  that 


hybrids  raised  from  recipi«x:al  crosses, 
though  of  course  compounded  of  the  very 
same  two  species,  the  one  species  having 
first  been  used  as  the  father  and  then  as 
the  mother,  though  they  rarely  differ  in 
external  characters,  yet  generally  differ  in 
fertility  in  a  small,  and  occasionally  in  a 
high  degree. 

466.  Several  other  singular  rules  could 
be    given   from    Gartner :    for  instance, 
some  species  have  a  remarkable  power  of 
crossing  with  other  species  ;  other  species 
of  the   same   genus   have  a  remarkable 
power  of  impressing  their  likeness  on  their 
hybrid  offspring;   but  these  two  powers 
do   not  at   all   necessarily   go    together. 
There  are  certain  hybrids  which,  instead 
of  having,  as  is  usual,  an  intermediate 
character  between  their  two  parents,  al- 
ways- closely  resemble  one  of  them  ;  and 
such   hybrids,  though   externally  so  like 
one  of  their  pure  parent-species,  are  with 
rare    exceptions    extremely  sterile.      So 
again  among  hybrids  which  are  usually 
intermediate   in  structure  between  their 
parents,  exceptional  and  abnormal  indi- 
viduals sometimes  are  born,  which  closely 
resemble  one  of  their  pure  parents ;  and 
these  hybrids  are  almost  always  utterly 
sterile,  even  when  the  other  hybrids  raised 
from  seed  from  the  same  capsule  have  a 
considerable   degree  of   fertility.     These 
facts  show  how  completely  the  fertility  of 
a  hybrid  may  be  independent  of  its  external 
resemblance  to  either  pure  parent. 

467.  Considering  the  several  rules  now 
given,  which  govern  the  fertility  of  first 
crosses  and  of  hybrids,  we  see  that  when 
forms,  which  must  be  considered  as  good 
and  distinct  species,  are  united,  their  fer- 
tility graduates  from  zero  to  perfect  fer- 
tility, or  even  to  fertility  under  certain 
conditions  in  excess ;   that  their  fertility, 
besides  being  eminently  susceptible  to  fa- 
vorable and  unfavorable  conditions,  is  in- 
nately variable ;   that  it  is  by  no  means 
always  the  same  in  degree  in  the  first  cross 
and   in  the  hybrids  produced  from   this 
cross ;  that  the  fertility  of  hybrids  is  not  re- 
lated to  the  degree  in  which  they  resemble 
in  external  appearance  either  parent ;  and 
lastly,  that  the  facility  of  making  a  first  cross 
between  any  two  species  is  not  always  gov- 
erned by  their  systematic  affinity  or  degree 
of  resemblance  to  each  other.     This  latter 
statement  is  clearly  proved  by  the  differ- 
ence in  the  result  of  reciprocal  crosses 
between  the  same  two  species,  for,  ac- 
cording as  the  one  species  or  the  other  is 
used  as  the  father  or  the  mother,  there  is 
generally  some  difference,  and  occasion- 
ally the  widest  possible  difference,  in  the 
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facility  of  effecting  an  union.  The  hy- 
brids, moreover,  produced  from  reciprocal 
crosses  often  differ  in  fertility. 

468.  Now  do  these  complex  and  singu- 
lar rules  indicate  that  species  have  been 
endowed  with  sterility  simply  to  prevent 
their  becoming  confounded  in  nature?     I 
think  not.     For  why  should  the  sterility 
be  so  extremely  different  in  degree,  when 
various  species  are  crossed,  all  of  which 
\ve  must  suppose  it  would  be  equally  im- 
portant to  keep  from  blending  together? 
Why  should  the  degree  of  sterility  be  in- 
nately variable  in  the  individuals  of  the 
same  species  ?     Why  should  some  species 
cross  with  facility,  and  yet  produce  very 
sterile  hybrids ;   and  other  species  cross 
with  extreme  difficulty,  and  yet  produce 
fairly  fertile  hybrids  ?     Why  should  there 
often  be  so  great  a  difference  in  the  re- 
sult of  a  reciprocal  cross    between   the 
same  two  species  ?     Why,  it  may  even  be 
asked,  has  the  production  of  hybrids  been 
permitted  ?      To    grant   to   species    the 
special  power  of  producing  hybrids,  and 
then  to  stop  their  further  propagation  by 
different  degrees  of  sterility,  not  strictly 
related  to  the  facility  of  the  first  union 
between  their  parents,  seems  a  strange 
arrangement. 

469.  The  foregoing  rules  and  facts,  on 
the  other  hand,  appear  to  me  clearly  to 
indicate   that  the    sterility  both   of  first 
crosses  and  of  hybrids  is  simply  incidental 
or  dependent  on  unknown  differences  in 
their   reproductive   systems ;    the   differ- 
ences being  of  so  peculiar  and  limited  a 
nature,  that,  in  reciprocal  crosses  between 
the  same  two  species,  the  male  sexual  el- 
ement of  the  one  will  often  freely  act  on 
the  female  sexual  element  of  the  other, 
but  not  in  a  reversed  direction.     It  will 
he  advisable  to  explain  a  little  more  fully 
by  an  example  what  I  mean  by  sterility 
being  incidental  on  other  differences,  and 
not  a  specially  endowed  quality.     As  the 
capacity  of  one  plant  to  be   grafted   or 
budded  on   another  is   unimportant   for 
their  welfare  in  a  state  of  nature,  I  pre- 
sume that  no  one  will  suppose  that  this 
capacity  is  a  specially  endowed  quality, 
but  will  admit  that  it  is  incidental  on  dif- 
ferences in  the  laws  of  growth  of  the  two 
plants.      We    can    sometimes    see    the 
reason  why  one  tree  will  not  take  on  an- 
other, from  differences  in  their   rate  of 
growth,  in  the  hardness  of  their  wood,  in 
the  period  of  the  flow  or  nature  of  their 
sap,  etc.;  but  in  a  multitude  of  cases  we 
can  assign  no  reason  whatever.     Great 
diversity  in  the  size  of  two  plants,  one 
being  woody  and  the  other  herbaceous, 


one  being  evergreen  and  the  other  decid- 
uous, and  adaptation  to  widely  different 
climates,  do  not  always  prevent  the  two 
grafting  together.  As  in  hybridization,  so 
with  grafting,  the  capacity  is  limited  by 
systematic  affinity,  for  no  one  has  been 
able  to  graft  together  trees  belonging  to 
quite  distinct  families ;  and,  on  the  other 
hand,  closely  allied  species,  and  varieties 
of  the  same  species,  can  usually,  but  not 
invariably,  be  grafted  with  ease.  But  this 
capacity,  as  in  hybridization,  is  by  no  means 
absolutely  governed  by  systematic  affin- 
ity. Although  many  distinct  genera 
within  the  same  family  have  been  grafted 
together,  in  other  cases  species  of  the 
same  genus  will  not  take  on  each  other. 
The  pear  can  be  grafted  far  more  readily 
on  the  quince,  which  is  ranked  as  a  dis- 
tinct genus,  than  on  the  apple,  which  is  a 
member  of  the  same  genus. "  Even  differ- 
ent varieties  of  the  pear  take  with  differ- 
ent degrees  of  facility  on  the  quince ;  so 
do  different  varieties  of  the  apricot  and 
peach  on  certain  varieties  of  the  plum. 

470.  As  Gartner  found  that  there  was 
sometimes  an  innate  difference  in  differ- 
ent individuals  of  the  same  two  species 
in  crossing ;  so  Sageret  believes  this  to  be 
the  case  with  different  individuals  of  the 
same  two  species  in  being  grafted  to- 
gether. As  in  reciprocal  crosses,  the  fa- 
cility of  effecting  an  union  is  often  very 
far  from  equal,   so   it  sometimes  is  in 
grafting ;  the  common  gooseberry,  for  in- 
stance, cannot  be  grafted  on  the  currant, 
whereas   the  currant  will  take,   though 
with  difficulty,  on  the  gooseberry. 

471.  We  have  seen  that  the  sterility  of 
hybrids,   which  have   their  reproductive 
organs  in  an   imperfect  condition,  is  a 
different  case  from  the  difficulty  of  uniting 
two  pure  species,  which  have  their  repro- 
ductive organs  perfect ;    yet  these  two 
distinct  classes  of  cases  run  to  a  large 
extent    parallel.      Something    analogous 
occurs  in  grafting ;  for  Thouin  found  that 
three  species  of   Robinia,  which  seeded 
freely  on  their  own    roots,   and  which 
could  be  grafted  with  no  great  difficulty 
on  a  fourth  species,  when  thus  grafted 
were   rendered  barren.      On    the    other 
hand   certain   species  of    Sorbus,   when 
grafted  on  other  species  yielded  twice  as 
much  fruit  as  when  on  their  own  roots. 
We   are  reminded  by  this  latter  fact  of 
the  extraordinary  cases  of  Hippeastrum, 
Passiflora,  etc.,  which  seed  much  more 
freely  when  fertilized  with  the  pollen  of 
a  distinct  species,  than  when  fertilized  with 
pollen  from  the  same  plant. 

472.  We  thus  see,  that,  although  there 
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is  a  clear  and  great  difference  between 
the  mere  adhesion  of  grafted  stocks,  and 
the  union  of  the  male  and  female  elements 
in  the  act  of  reproduction,  yet  that  there  is 
a  rude  degree  of  parallelism  in  the  results 
of  grafting  and  of  crossing  distinct  spe- 
cies. And  as  we  must  look  at  the  curi- 
ous and  complex  laws  governing  the 
facility  with  which  trees  can  be  grafted 
on  each  other  as  incidental  on  unknown 
differences  in  their  vegetative  systems,  so 
1  believe  that  the  still  more  complex  laws 
governing  the  facility  of  first  crosses  are 
incidental  on  unknown  differences  in  their 
reproductive  systems.  These  differences 
in  both  cases,  follow  to  a  certain  extent, 
as  might  have  been  expected,  systematic 
affinity,  by  which  term  every  kind  of  re- 
semblance and  dissimilarity  between  or- 
ganic beings  is  attempted  to  be  expressed. 
The  facts  by  no  means  seem  to  indicate 
that  the  greater  or  lesser  difficulty  of 
either  grafting  or  crossing  various  species 
has  been  a  special  endowment ;  although 
in  the  case  of  crossing,  the  difficulty  is  as 
important  for  the  endurance  and  stability 
of  specific  forms,  as  in  the  case  of  graft- 
ing it  is  unimportant  for  their  welfare. 

Origin  and  Causes  of  the  Sterility  of  first 
Crosses  and  of  Hybrids. 

4.73.  At  one  time  it  appeared  to  me 
probable,  as  it  has  to  others,  that  the 
sterility  of  first  crosses  and  of  hybrids 
might  have  been  slowly  acquired  through 
the  natural  selection  of  slightly  lessened 
degrees  of  fertility,  which,  like  any  other 
vari  ition,  spontaneously  appeared  in  cer- 
tain individuals  of  one  variety  when 
crowed  with  those  of  another  variety. 
For  it  would  clearly  be  advantageous  to 
two  varieties  or  incipient  species,  if  they 
could  be  kept  from  blending,  on  the  same 
principle  that,  when  man  is  selecting  at 
the  same  time  two  varieties,  it  is  neces- 
sary that  he  should  keep  them  separate. 
In  the  first  place,  it  may  be  remarked 
that  species  inhabiting  distinct  regions 
are  often  sterile  when  crossed ;  now  it 
could  clearly  have  been  of  no  advantage 
to  such  separated  species  to  have  been 
rendered  mutually  sterile,  and  conse- 
quently this  could  not  have  been  effected 
through  natural  selection ;  but  it  may 
perhaps  be  argued,  that,  if  a  species  was 
rendered  sterile  with  some  one  compa- 
triot, sterility  with  other  species  would  fol- 
low as  a  necessary  contingency.  In  the 
second  place,  it  is  almost  as  much  opposed 
to  the  theory  of  natural  selection  as  to 
that  of  special  creation,  that  in  reciprocal 
crosses  the  male  element  of  one  form 


should  have  been  rendered  utterly  impo- 
tent on  a  second  form,  while  at  the  same 
time  the  male  element  of  this  second 
form  is  enabled  freely  to  fertilize  the  first 
form ;  for  this  peculiar  state  of  the  repro- 
ductive system  could  hardly  have  been 
advantageous  to  either  species. 

474.  In  considering  the  probability  of 
natural  selection  having  come  into  action, 
in  rendering  species  mutually  sterile,  the 
greatest  difficulty  will  be  found  to  lie 
in  the  existence  of  many  graduated  steps 
from  slightly  lessened  fertility  to  absolute 
sterility.  It  may  be  admitted  that  it 
would  profit  an  incipient  species,  if  it 
were  rendered  in  some  slight  degree  ster- 
ile when  crossed  with  its  parent  form  or 
with  some  other  variety ;  for  thus  fewer 
bastardized  and  deteriorated  offspring 
would  be  produced  to  commingle  their 
blood  with  the  new  species  in  process  ot 
formation  But  he  who  will  take  the 
trouble  to  reflect  on  the  steps  by  which 
this  first  degree  of  sterility  could  be  in- 
creased through  natural  selection  to  that 
high  degree  which  is  common  with  so 
many  species,  and  which  is  universal  with 
species,  which  have  been  differentiated  to 
a  generic  or  family  rank,  will  find  the  sub- 
ject extraordinarily  complex.  After  ma- 
ture reflection  it  seems  to  me  that  this 
could  not  have  been  effected  through  nat- 
ural selection.  Take  the  case  of  any  two 
species  which,  when  crossed,  produce  few 
and  sterile  offspring ;  now,  what  is  there 
which  could  favor  the  survival  of  those 
individuals  which  happened  to  be  en- 
dowed in  a  slightly  higher  degree  with 
mutual  infertility,  and  which  thus  ap- 
proached by  one  small  step  toward  abso- 
lute sterility  ?  Yet  an  advance  of  this 
kind,  if  the  theory  of  natural  selection  be 
brought  to  bear,  must  have  incessantly 
occurred  with  many  species,  for  a  multi- 
tude are  mutually  quite  barren.  With 
sterile  neuter  insects  we  have  reason  to 
believe  that  modifications  in  their  struct- 
ure and  fertility  have  been  slowly  accu- 
mulated by  natural  selection,  from  an  ad- 
vantage having  been  thus  indirectly  given 
to  the  community  to  which  they  belonged 
over  other  communities  of  the  same  spe- 
cies ;  but  an  individual  animal  not  belong- 
ing to  a  social  community,  if  rendered 
slightly  sterile  when  crossed  with  some 
other  variety,  would  not  thus  itself  gain 
any  advantage  or  indirectly  give  any  ad- 
vantage to  the  other  individuals  of  the 
same  variety  thus  leading  to  their  pres- 
ervation. 

475.  But  it  would  be  superfluous  to 
discuss  this  question  in  detai! ;  for  with 
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plantb  >vc  have  coin  iusive  evidence  that 
the  sterility  of  crossed  species  must  be 
due  to  some  principle,  quite  independent 
of  natural  selection.  Both  Gartner  and 
Kolreuter  have  proved  that  in  genera  in- 
cluding numerous  species,  a  series  can  be 
formed  from  species  which  when  crossed 
yield  fewer  and  fewer  seeds,  to  species 
which  never  produce  a  single  seed,  but 
yet  are  affected  by  the  pollen  of  certain 
other  species,  for  the  germen  swells.  It 
is  here  manifestly  impossible  to  select 
the  more  sterile  individuals,  which  have 
already  ceased  to  yield  seeds  ;  so  that 
this  acme  of  sterility,  when  the  germen 
alone  is  affected,  cannot  have  been 
gained  through  selection  ;  and  from  the 
laws  governing  the  various  grades  of 
sterility,  being  so  uniform  throughout  the 
animal  and  vegetable  kingdoms,  we  may 
infer  that  the  cause,  whatever  it  may  be,  is 
the  same  or  nearly  the  same  in  all  cases. 

476.  We  will  now  look  a  !:tt5e  closer  at 
.lie  probable  nature  of  the  differences  t«j-. 
tween  species  which  induce  sterility  in 
first  crosses  and  in  hybrids.  In  the  case 
of  first  crosses  the  greater  or  less  diffi- 
culty in  effecting  an  union  and  in  Dbtain- 
ing  offspring  apparently  depend:,  on  sev- 
eral distinct  causes.  There  must  some- 
times be  a  physical  impossibility  n  the 
male  element  reaching  the  ovule,  as 
would  be  the  case  with  a  plant  having 
a  pistil  too  long  for  the  pollen-tube?  to 
reach  the  ovarium.  It  has  also  beer,  ob- 
served that  when  the  pollen  of  one  spe- 
cies is  placed  on  the  stigma  of  a  distantly 
allied  species,  though  the  pollen-tubes 
protrude,  they  do  not  penetrate  the  stig- 
matic  surface.  Again,  the  male  element 
may  reach  the  female  element  but  be  in- 
capable of  causing  art  embryo  to  be  de- 
veloped, as  seems  to  have  been  the  case 
with  some  of  Thuret's  experiments  on 
Fuci.  No  explanation  can  be  given  of 
these  facts,  any  more  than  why  certain 
trees  cannot  be  grafted  on  others.  Last- 
ly, an  embryo  may  be  developed,  and  then 
perish  at  an  early  period.  This  latter 
alternative  has  not  been  sufficiently  at- 
tended to ;  but  I  believe  from  observa- 
tions communicated  to  me  by  Mr.  Hewitt, 
who  has  had  great  experience  in  hybridiz- 
ing pheasants  and  fowls,  that  the  early 
death  of  the  embryo  is  a  very  frequent 
cause  of  sterility  in  first  crosses.  Mr. 
Salter  has  recently  given  the  results  of 
an  examination  of  about  500  eggs  pro- 
duced from  various  crosses  between  three 
species  of  Callus  and  their  hybrids,  the 
majority  of  these  eggs  had  been  fertil- 


ized ;  and  in  the  majority  of  the  fertilized 
eggs,  the  embryos  had  either  been  par- 
tially developed  and  had  then  perished,  or 
had  become  nearly  mature,  but  the  young 
chickens  had  been  unable  to  break 
through  the  shell.  Of  the  chickens  which 
were  born,  more  than  four-fifths  died 
within  the  first  few  days,  or  at  latest 
weeks,  "  without  any  obvious  cause,  ap- 
parently from  mere  inability  to  live  ;  "  so 
that  from  the  500  eggs  only  twelve  chick- 
ens were  reared.  With  plants,  hybridized 
embryos  probably  often  perish  in  a  like 
manner ;  at  least  it  is  known  that  hybrids 
raised  from  very  distinct  species  are 
sometimes  weak  and  dwarfed,  and  perish 
at  an  early  age ;  of  which  fact  Max 
Wichura  has  recently  given  some  striking 
cases  with  hybrid  willows.  It  may  be 
here  worth  noticing  that  in  some  cases  of 
parthenogenesis,  the  embryos  within  the 
eggs  of  silk  moths  which  had  not  been 
fertilized,  pass  through  their  early  stages 
of  development  and  then  perish  like  the 
embryos  produced  by  a  cross  between 
distinct  species.  Until  becoming  ac- 
quainted with  these  facts,  I  was  unwilling 
to  believe  in  the  frequent  early  death  of 
hybrid  embryos ;  for  hybrids,  when  once 
born,  are  generally  healthy  and  long-lived, 
as  we  .'ee  in  the  case  of  the  common 
mule.  Hybrids  however  are  differently 
circumstanced  before  and  after  birth : 
when  born  and  living  in  a  country  whe;e 
their  two  parents  live,  they  are  generally 
placed  under  suitable  conditions  of  life. 
But  a  hybrid  partakes  of  only  half  of  the 
nature  and  constitution  of  its  mother ; 
it  may  therefore  before  birth,  as  long  as 
it  is  nourished  within  its  mother's  womb, 
or  within  the  egg  or  seed  produced  by  the 
mother,  be  exposed  to  conditions  in  some 
degree  unsuitable,  and  consequently  be 
liable  to  perish  at  an  early  period  ;  more 
especially  as  all  very  young  beings  are 
eminently  sensitive  to  injurious  or  unnat- 
ural conditions  of  life.  But  after  all,  the 
cause  more  probably  lies  in  some  imper- 
fection in  the  original  act  of  impregnation, 
causing  the  embryo  to  be  imperfectly  de- 
veloped, rather  than  in  the  conditions  to 
which  it  is  subsequently  exposed. 

477.  In  regard  to  the  sterility  of  hy- 
brids, in  which  the  sexual  elements  are 
imperfectly  developed,  the  case  is  some- 
what different.  I  have  more  than  once 
alluded  to  a  large  body  of  facts  showing 
that,  when  animals  and  plants  were  re- 
moved from  their  natural  conditions,  they 
are  extremely  liable  to  have  their  repro- 
ductive systems  seriously  affected.  This, 
in  fact,  is  the  great  bar  to  the  domestica- 
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tion  ot  animals.  Between  the  sterility  thus 
superinduced  and  that  of  hybrids,  there 
are  many  points  of  similarity.  In  both 
cases  the  sterility  is  independent  of  general 
health,  and  is  often  accompanied  by  excess 
of  size  or  great  luxuriance.  In  both  cases 
the  sterility  occurs  in  various  degrees ;  in 
both,  the  male  element  is  the  most  liable 
to  be  affected  ;  but  sometimes  the  female 
more  than  the  male.  In  both,  the  tenden- 
cy goes  to  a  certain  extent  with  system- 
atic affinity,  for  whole  groups  of  animals 
and  plants  are  rendered  impotent  by  the 
same  unnatural  conditions ;  and  whole 
groups  of  species  tend  to  produce  sterile 
hybrids.  On  the  other  hand,  one  species 
in  a  group  will  sometimes  resist  great 
changes  of  conditions  with  unimpaired 
fertility;  and  certain  species  in  a  group 
will  produce  unusually  fertile  hybrids. 
No  one  can  tell,  till  he  tries,  whether  any 
particular  animal  will  breed  under  con- 
finement, or  any  exotic  plant  seed  freely 
under  culture ;  nor  can  he  tell  till  he 
tries,  whether  any  two  species  of  a  genus 
will  produce,  more  or  less  sterile  hybrids. 
Lastly,  when  organic  beings  are  placed 
during  several  generations  under  condi- 
tions not  natural  to  them,  they  are 
extremely  liable  to  vary,  which  seems  to 
be  partly  due  to  their  reproductive  systems 
having  been  specially  affected,  though  in 
a  lesser  degree  than  when  sterility  ensues. 
So  it  is  with  hybrids,  for  their  offspring 
in  successive  generations  are  eminently 
liable  to  vary,  as  every  experimentalist  has 
observed. 

478.  Thus  we  see  that  when  organic 
beings  are  placed  under  new  and  unnat- 
ural conditions,  and  when  hybrids  are 
produced  by  the  unnatural  crossing  of 
two  species,  the  reproductive  system,  in- 
dependently of  the  general  state  of  health, 
is  affected  in  a  very  similar  manner.  In 
the  one  case,  the  conditions  of  life  have 
been  disturbed,  though  often  in  so  slight 
a  degree  as  to  be  inappreciable  by  us ;  in 
the  other  case,  or  that  of  hybrids,  the 
external  conditions  have  remained  the 
same,  but  the  organization  has  been  dis- 
turbed by  two  distinct  structures  and 
constitutions,  including  of  course  the 
reproductive  systems,  having  been  blended 
into  one.  For  it  is  scarcely  possible  that 
two  organizations  should  be  compounded 
into  one,  without  some  disturbance  occur- 
ring in  the  development,  or  periodical 
action,  or  mutual  relations  of  the  different 
parts  and  organs  one  to  another  or  to  the 
conditions  of  life.  When  hybrids  are  able 
to  breed  inter  se,  they  transmit  to  their 
offspring  from  generation  to  generation 


the  same  compounded  organization,  and 
hence  we  need  not  be  surprised  that  their 
sterility,  though  in  some  degree  variable, 
does  not  diminish ;  it  is  even  apt  to 
increase,  this  being  generally  the  result, 
as  before  explained,  of  too  close  inter- 
breeding. The  above  view  of  the  sterility 
of  hybrids  being  caused  by  two  constitu- 
tions being  compounded  into  one  has 
been  strongly  maintained  by  Max  Wi- 
chura. 

479.  It  must,  however,  be  owned  that 
we  cannot  understand,  on  the  above  or 
any  other  view,  several  facts  with  respect 
to  the  sterility  of  hybrids  ;  for  instance, 
the  unequal  fertility  of  hybrids  produced 
from  reciprocal  crosses  ;  or  the  increased 
sterility  in  those  hybrids  which  occasion-' 
ally  and  exceptionally  resemble  closely 
either  pure  parent.     Nor  do   I   pretend 
that  the  foregoing  remarks  go  to  the  root 
of  the  matter ;  no  explanation  is  offered 
why  an  organism,   when   placed   under 
unnatural  conditions,  is  rendered  sterile. 
All  that  I  have  attempted  to  show  is,  that 
in  two  cases,  in  some  respects  allied,  ster- 
ility is   the  common  result, — in  the  one 
case  from  the  conditions  of  life  having 
been  disturbed,  in  the  other  case  from  the 
organization  having  been  disturbed  by  two 
organizations  being  compounded  into  one. 

480.  A  similar  parallelism  holds  good 
with  an  allied  yet  very  different  class  of 
facts.     It  is  an  old  and  almost  universal 
belief  founded  on  a  considerable  body  of 
evidence,  which  I  have  elsewhere  given, 
that  slight  changes  in  the  conditions  of 
life  are  beneficial  to  all  living  things.     We 
see  this  acted  on  by  farmers  and  garden- 
ers in  their  frequent  exchanges  of  seed, 
tubers,  etc.,  from  one  soil  or  climate  to 
another,   and   back   again.      During  the 
convalescence  of  animals,  great  benefit  is 
derived  from  almost  any  change  in  their 
habits  of  life.     Again,  both  with  plants 
and  animals,  there  is  the  clearest  evidence 
that  a  cross  between  individuals  of  the 
same  species,  which  differ  to  a  certain 
extent,  gives    vigor    and  fertility  to  the 
offspring;   and  that  close  interbreeding 
continued  during  several  generations  be- 
tween the  nearest  relations,  if  these  be 
kept  under  the  same  conditions  of  life, 
almost  always  leads  to  decreased  size, 
weakness,  or  sterility. 

481.  Henc^  ^  seems  that,  on  the  one 
hand,  slight  changes  ?.n  the  conditions  of 
life  benefit  all  organic  oe:nes,  and  on  the 
other  hand,  that  slight    Bosses,  that  is 
crosses  between  the  males  ana  .scales  of 
the  same  species,  which  have  been  sub- 
jected to  slightly  different  conditions,  or 
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which  have  slightly  varied,  give  vigor 
and  fertility  to  the  offspring.  But,  as  we 
have  seen,  organic  beings  long  habituated 
to  certain  uniform  conditions  under  a 
state  of  nature,  when  subjected,  as  under 
confinement,  to  a  considerable  change  in 


their    conditions,    very 
rendered  more  or  less 


frequently 
sterile ;  and 


know  that  a  cross  between  two  forms, 
ihat  have  become  widely  or  specifically 
different,  produce  hybrids  which  are 
almost  always  in  some  degree  sterile.  I 
am  fully  persuaded  that  this  double  paral- 
lelism is  by  no  means  an  accident  or  an 
illusion.  He  who  is  able  to  explain  why 
the  elephant  and  a  multitude  of  other 
animals  are  incapable  of  breeding  when 
kept  under  only  partial  confinement  in 
their  native  country,  will  be  able  to  explain 
the  primary  cause  of  hybrids  being  so 
generally  sterile.  He  will  at  the  same 
time  be  able  to  explain  how  it  is  that  the 
races  of  some  of  our  domesticated  animals, 
which  have  often  been  subjected  to  new 
and  not  uniform  conditions,  are  quite 
fertile  together,  although  they  are  de- 
scended from  distinct  species,  which  would 
probably  have  been  sterile  if  aboriginally 
crossed.  The  above  two  parallel  series 
of  facts  seem  to  be  connected  together  by 
some  common  but  unknown  bond,  which 
is  essentially  related  to  the  principle  of 
life ;  this  principle,  according  to  Mr. 
Herbert  Spencer,  being  that  life  depends 
on,  or  consists  in,  the  incessant  action  and 
reaction  of  various  forces,  which,  as 
throughout  nature,  are  always  tending 
toward  an  equilibrium;  and  when  this 
tendency  is  slightly  disturbed  by  any 
change,  the  vital  forces  gain  in  power. 


Reciprocal 


Dimorphism 
phism. 


and   Trimor- 


482.  This  subject  may  be  here  briefly 
discussed,  and  will  be  found  to  throw 
some  light  on  hybridism.  Several  plants 
belonging  to  distinct  orders  present  two 
forms,  which  exist  in  about  equal  numbers 
and  which  differ  in  no  respect  except  in 
their  reproductive  organs  ;  one  form  hav- 
ing a  long  pistil  with  short  stamens,  the 
other  a  short  pistil  with  long  stamens ; 
the  two  having  differently  sized  pollen- 
grains.  With  trimorphic  plants  there  are 
three  forms  likewise  differing  in  * 
lengths  of  their  pistils  and  stamenvnthe 
size  and  color  of  the  pollen-grains,  and 
in  some  other  respects ;  and  as  in  each  of 
the  three  forms  there  are  two  sets  of 
stamens,  the  three  forms  possess  alto- 
gether six  sets  of  stamens  and  three  kinds 


of  pistils.  These  organs  are  so  proper- 
tioned  in  length  to  each  other,  that  half 
the  stamens  in  two  of  the  forms  stand  on 
a  level  with  the  stigma  of  the  third  form. 
Now  I  have  shown,  and  the  result  has 
been  confirmed  by  other  obseivers,  that, 
in  order  to  obtain  full  fertility  with  these 
plants,  it  is  necessary  that  the  stigma  of 
the  one  form  should  be  fertilized  by  pollen 
taken  from  the  stamens  of  corresponding 
height  in  another  form.  So  that  with 
dimorphic  species  two  unions,  which  may 
be  called  legitimate,  are  fully  fertile  ;  and 
two,  which  may  be  called  illegitimate,  are 
more  or  less  infertile.  With  trimorphic 
species  six  unions  are  legitimate  or  fully 
fertile,  and  twelve  are  illegitimate  or  more 
or  less  infertile. 

483.  The  infertility  which  may  be  ob- 
served in  various  dimorphic  and  trimor- 
phic plants,  when  they  are  illegitimately 
fertilized,  that  is  by  pollen  taken  from 
stamens  not  corresponding  in  height  with 
the  pistil,  differs  much  in  degree,  up  to 
absolute  and  utter  sterility;  just  in  the 
same  manner  as  occurs  in  crossing  dis- 
tinct species.  As  the  degree  of  sterility 
in  the  latter  case  depends  in  an  eminent 
degree  on  the  conditions  of  life  being 
more  or  less  favorable,  so  I  have  found 
it  with  illegitimate  unions.  It  is  well 
known  that  if  pollen  of  a  distinct  species 
be  placed  on  the  stigma  of  a  flower,  and 
its  own  pollen  be  afterward,  even  after 
a  considerable  interval  of  time,  placed  on 
the  same  stigma,  its  action  is  so  strongly 
prepotent  that  it  generally  annihilates  the 
effect  of  the  foreign  pollen  ;  so  it  is  with 
the  pollen  of  the  several  forms  of  the 
same  species,  for  legitimate  pollen  is 
strongly  prepotent  over  illegitimate  pol- 
len, when  both  are  placed  on  the  same 
stigma.  I  ascertained  this  by  fertilizing 
several  flowers,  first  illegitimately,  and 
twenty-four  hours  afterward  legitimate- 
ly, with  pollen  taken  from  a  peculiarly 
colored  variety,  and  all  the  seedlings 
were  similarly  colored;  this  shows  that 
the  legitimate  pollen,  though  applied 
twenty-four  hours  subsequently,  had 
wholly  destroyed  or  prevented  the  ac- 
tion of  the  previously  applied  illegitimate 
pollen.  Again,  as  in  making  reciprocal 
crosses  between  the  same  two  species, 
there  is  occasionally  a  great  difference  in 
the  result,  so  the  same  thing  occurs  with 
trimorphic  plants ;  for  instance,  the  mid- 
styled  form  of  Lythrum  salicaria  was  il- 
legitimately fertilized  with  the  greatest 


ease  by  pollen  from  the  longer  stamens 
of  the  short- sty  led  fonn,  and  yielded 
many  seeds ;  but  the  latter  form  did  not 
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yield  a  single  seed  when  fertilized  by  the 
longer  stamens  of  the  mid-styled  form. 

484.  In  all  these  respects,  and  in  oth- 
ers which  might  be  added,  the  forms  of 
the  same  undoubted  species  when  illegit- 
imately  united    behave    in    exactly  the 
same  manner  as  do  two  distinct  species 
when  crossed.    This  led  me  carefully  to 
observe  during  four  years  many  seed- 
'ings,    raised    from    several    illegitimate 
unions.     The  chief  result  is  that  these 
illegitimate  plants,  as  they  may  be  called, 
are  not  fully  fertile.     It  is  possible  to 
raise  from  dimorphic  species,  both  long- 
styled  and  short-styled  illegitimate  plants, 
and  from  trimorphic  plants  all  three  ille- 
gitimate   forms.     These    can    then    be 
properly  united  in  a  legitimate  manner. 
When  this  is  done,  there  is  no  apparent 
reason  why  they  should    not  yield    as 
many  seeds  as  did  their  parents  _  when 
legitimately  fertilized.    But  such  is  not 
the  case.    They  are  all  infertile,  in  vari- 
ous degrees ;  some  being  so  utterly  and 
incurably  sterile  that  they  did  not  yield 
during  four  seasons  a  single  seed  or  even 
seed-capsule.     The  sterility  of  these  ille- 
gitimate plants,  when  united  with  each 
other  in  a  legitimate   manner,  may  be 
strictly  compared  with  that  of  hybrids 
when  crossed  inter  se.     If,  on  the  other 
hand,  a  hybrid  is  crossed  with  either  pure 
parent-species,    the    sterility    is    usually 
much  lessened  ;  and  so  it  is  when  an  il- 
legitimate plant  is  fertilized  by  a  legiti- 
mate plant.     In  the  same  manner  as  the 
sterility  of  hybrids  does  not  always  run 
parallel  with  the  difficulty  of  making  the 
first  cross  between  the  two  parent-spe- 
cies, so  the  sterility  of  certain  illegitimate 
plants  was    unusually  great,  while  the 
sterility  of  the  union  from  which  they 
were  derived  was  by  no  means  great. 
With  hybrids  raised  from  the  same  seed- 
capsule  the  degree  of  sterility  is  innately 
variable,  so  it  is  in  a  marked  manner 
with  illegitimate    plants.     Lastly,  many 
hybrids  are  profuse  and  persistent  flow- 
erers,  while  other  and  more  sterile  hy- 
brids produce  few  flowers,  and  are  weak, 
miserable  dwarfs;   exactly  similar  cases 
occur  with  the  illegitimate  offspring  of 
various  dimorphic  and  trimorphic  plants. 

485.  Altogether  there    is  the    closest 
identity  in  character  and  behavior  be- 
tween illegitimate  plants    and    hybrids 
It  is  hardly  an  exaggeration  to  maintain 
that  illegitimate  plants  are  hybrids,  pro- 
duced within  the  limits  of  the  same  spe- 
cies by  the  improper  union  of  certain 
forms,  while   ordinary  hybrids  are  pro- 
duced from  an  improper  union  between 


so-called  distinct  species.  We  have  also 
already  seen  that  there  is  the  closest  sim- 
ilarity in  all  respects  between  first  illegiti- 
mate unions  and  first  crosses  between  dis- 
tinct species.  This  will  perhaps  be  made 
more  fully  apparent  by  an  illustration ; 
we  may  suppose  that  a  botanist  found 
two  well-marked  varieties  (and  such  oc- 
cur) of  the  long-styled  form  of  the  tri- 
morphic Lythrum  salicaria,  and  that  he 
determined  to  try  by  crossing  whether 
they  were  specifically  distinct.  He  would 
find  that  they  yielded  only  about  one- 
fifth  of  the  proper  number  of  seed,  and 
that  they  behaved  in  all  the  other  above 
specified  respects  as  if  they  had  been  two 
distinct  species.  But  to  make  the  case 
sure,  he  would  raise  plants  from  his  sup- 
posed hybridized  seed,  and  he  would  find 
that  the  seedlings  were  miserably  dwarfed 
and  utterly  sterile,  and  that  they  behaved 
in  all  other  respects  like  ordinary  hybrids. 
He  might  then  maintain  that  he  had 
actually  proved,  in  accordance  with  the 
common  view,  that  his  two  varieties  were 
as  good  and  as  distinct  species  as  any  in 
the  world ;  but  he  would  be  completely 
mistaken. 

486.  The  facts  now  given  on  dimorphic 
and  trimorphic  plants  are  important,  be- 
cause they  show  us,  first,  that  the  physio- 
logical test  of  lessened  fertility,  both  in 
first  crosses  and  in  hybrids,  is  no  safe 
criterion  of  specific  distinction  ;  secondly, 
because  we  may  conclude  that  there  is 
some  unknown  bond  which  connects  the 
infertility  of  illegitimate  unions  with  that 
of    their   illegitimate    offspring,  and  \ve 
are  led  to  extend  the  same  view  to  first 
crosses  and  hybrids ;  thirdly,  because  we 
find,  and  this  seems  to  me  of  especial 
importance,  that  two  or  three  forms  of 
the    same    species   may  exist  and   may 
differ  in  no  respect  whatever,  either  in 
structure  or  in  constitution,  relatively  to 
external   conditions,   and   yet  be  sterile 
when  united  in  certain  ways.     For  we 
must  remember  that  it  is  the  union  of  the 
sexual  elements    of    individuals    of  the 
same  form,  for  instance,  of  two  long-- 
styled forms,  which  results  in  sterility , 
while  it  is  the  union  of  the  sexual  ele- 
ments proper  to  two  distinct  forms  which 
is   fertile.     Hence  the   case  appears  at 
first  sight  exactly  the  reverse  of  what  oc- 
curs, in  the  ordinary  unions  of  the  indi- 
viduals of   the   same  species   and  with 
crosses  between  distinct  species.     It  is, 
however,  doubtful  whether  this  is  really 
so ;  but  I  will  not  enlarge  on  this  ob- 
scure subject. 

487.  We  may.  however,  infer  as  prob- 
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able  from  u.^.  Consideration  of  dimorphic 
and  trimorphic  plants,  that  the  sterility  of 
distinct  species  when  crossed  and  of 
their  hybrid  progeny,  depends  exclusively 
on  the  nature  of  their  sexual  elements, 
and  not  on  any  difference  in  their  struct- 
ure or  general  constitution.  We  are  also 
led  to  this  same  conclusion  by  consider- 
ing reciprocal  crosses,  in  which  the  male 
of  one  species  cannot  be  united,  or  can 
be  united  with  great  difficulty,  with  the 
female  of  a  second  species,  while  the 
converse  cross  can  be  effected  with  per- 
fect facility.  That  excellent  observer 
Gartner,  likewise  concluded  that  species 
when  crossed  are  sterile  owing  to  differ- 
ences confined  to  their  reproductive  sys 
terns. 

Fertility  of  Varieties  when  Crossed,  and 
of  their  Mongrel  Offspring,  not  uni- 
versal, 

488.  It   may  be  urged,   as    an    over- 
whelming argument,  that  there  must  be 
some  essential  distinction  between  spe- 
cies and  varieties,  inasmuch  as  the  latter, 
however  much  they  may  differ  from  each 
other  in  external  appearance,  cross  with 
perfect  facility,  and  yield  perfectly  fertile 
offspring.     With  some  exceptions,  pres- 
ently to  be  given,  I  fully  admit  that  this 
is  the  rule.     But  the  subject  is  surround- 
ed by  difficulties,  for,  looking  to  varieties 
produced    under    nature,   if    two  forms 
hitherto  reputed  to  be  varieties  be  found 
in  any  degree  sterile  together,  they  are 
at  once  ranked   by  most  naturalists   as 
species.     For  instance,  the  blue  and  red 
pimpernel,  which  are  considered  by  most 
botanists  as  varieties,  are  said  by  Gart- 
ner to  be  quite  sterile  when  crossed,  and 
he  consequently  ranks  them  as  undoubt- 
ed species.     If  we  thus  argue  in  a  circle, 
the  fertility  of  all  varieties  produced  un- 
der   nature   will  assuredly   have    to  be 
granted. 

489.  If  we  turn  to  varieties,  produced, 
or  supposed  to  have  been  produced,  un- 
der domestication,  we  are  still  involved 
in  some  doubt.     For  when  it  is  stated, 
for  instance,  that  certain  South  American 
indigenous  domestic  dogs  do  not  readily 
unite  with  European  dogs,  the  explana- 
tion which  will  occur  to  every  one,  and 
probably  the  true  one,  is  that  they  are 
descended  from  aboriginally  distinct  spe- 
cies.    Nevertheless  the  perfect  fertility  of 
so  many  domestic  races,  differing  widely 
from  each  other  in  appearance,  for  in- 


stance those  of  the  pigeon,  or  of  the  cab- 
bage, is  a  remarkable  fact;  more  espe- 
cially when  we  reflect  how  many  species 


there  are,  which,  though  resembling  each 
other  most  closely,  are  utterly  sterilt 
when  intercrossed.  Several  considera- 
tions, however,  render  the  fertility  of  do- 
mestic varieties  less  remarkable.  In  the 
first  place,  it  may  be  observed  that  the 
amount  of  external  difference  between 
two  species  is  no  sure  guide  to  their  de- 
gree of  mutual  sterility,  so  that  similar 
differences  in  the  case  of  varieties  would 
be  no  sure  guide.  It  is  certain  that  with 
species  the  cause  lies  exclusively  in  dif- 
ferences in  their  sexual  constitution. 
Now  the  varying  conditions  to  which  do- 
mesticated animals  and  cultivated  plants 
have  been  subjected,  have  had  so  little 
tendency  toward  modifying  the  repro- 
ductive system  in  a  manner  leading  to 
mutual  sterility,  that  we  have  good 
grounds  for  admitting  the  directly  oppo- 
site doctrine  of  Pallas,  namely,  that  such 
conditions  generally  eliminate  this  tend- 
ency; so  that  the  domesticated  de- 
scendants of  species,  which  in  their  nat- 
ural state  probably  would  have  been  in 
some  degree  sterile  when  crossed,  be- 
come perfectly  fertile  together.  With 
plants,  so  far  is  cultivation  from  giving  a 
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tendency  toward  sterility  between  dis- 
tinct species,  that  in  several  well-authen- 
ticated cases  already  alluded  to,  certain 
plants  have  been  affected  in  an  opposite 
manner,  for  they  have  become  self-impo- 
tent, while  still  retaining  the  capacity  of 
fertilizing,  and  being  fertilized  by,  other 
species.  If  the  Pallasian  doctrine  of  the 
elimination  of  sterility  through  long-con- 
tinued domestication  be  admitted,  and  it 
can  hardly  be  rejected,  it  becomes  in  the 
highest  degree  improbable  that  similar 
conditions  long-continued  should  likewise 
induce  this  tendency ;  though  in  certain 
cases,  with  species  having  a  peculiar  con- 
stitution, sterility  might  occasionally  be 
thus  caused.  Thus,  as  I  believe,  we  can 
understand  why  with  domesticated  ani- 
mals varieties  have  not  been  produced 
which  are  mutually  sterile ;  and  why 
with  plants  only  a  few  such  cases,  imme- 
diately to  be  given,  have  been  observed. 

490.  The  real  difficulty  in  our  present 
subject  is  not,  as  it  appears  to  me,  why 
domestic  varieties  have  not  become  mut- 
ually infertile  when  crossed,  but  why  this 
las  so  generally  occurred  with  natural 
varieties,  as  soon  as  they  have  been  per- 
manently modified  in  a  sufficient  degree 
to  take  rank  as  species.  We  are  far  from 
wecisely  knowing  the  cause  ;  nor  is  this 
surprising,  seeing  how  profoundly  igno- 
rant we  are  in  regard  to  the  normal  and 
abnormal  action  of  the  reproductive  sys- 
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tern.  But  we  can  see  that  species,  owing 
to  their  struggle  for  existence  with  nu- 
merous competitors,  will  have  been  ex- 
posed during  long  periods  of  time  to 
more  uniform  conditions,  than  have  do- 
mestic varieties  ;  and  this  may  well  make 
a  wide  difference  in  the  result.  For  we 
know  how  commonly  wild  animals  and 
plants,  when  taken  from  their  natural 
conditions  and  subjected  to  captivity,  are 
rendered  sterile;  and  the  reproductive 
functions  of  organic  beings  which  have 
always  lived  under  natural  conditions 
would  probably  in  like  manner  be  emi- 
nently sensitive  to  the  influence  of  an  un- 
natural cross.  Domesticated  productions, 
on  the  other  hand,  which,  as  shown  by  the 
mere  fact  of  their  domestication,  were  not 
originally  highly  sensitive  to  changes  in 
their  conditions  of  life,  and  which  can 
now  generally  resist  with  undiminished 
fertility  repeated  changes  of  conditions, 
might  be  expected  to  produce  varieties, 
which  would  be  little  liable  to  have  their 
reproductive  powers  injuriously  affected 
by  the  act  of  crossing  with  other  varieties 
which  had  originated  in  a  like  manner. 

491.  I  have  as  yet  spoken  as  if  the  va- 
rieties of  the  same  species  were  invariably 
fertile   when   intercrossed.     But  it  is  im- 
possible to  resist  the  evidence  of  the  ex- 
istence of  a  certain  amount  of  sterility  in 
the  few  following  cases,  which  I  will  brief- 
ly abstract.     The  evidence  is  at  least  as 
good  as  that  from  which  we  believe  in  the 
sterility  of  a  multitude   of  species.     The 
evidence  is,  also,  derived  from  hostile  wit- 
nesses, who  in  all  other  cases  consider 
fertility  and  sterility  as  safe  criterions  of 
specific  distinction.     Gartner  kept  during 
several  years  a  dwarfed  kind  of  maize 
with  yellow  seeds,  and  a  tall  variety  with 
red  seeds  growing  near  each  other  in  his 
garden ;  and  although  these  plants  have 
separated  sexes,    they    never    naturally 
crossed.     He  then  fertilized  thirteen  flow- 
ers of  the  one   kind   with   pollen  of  the 
other ;  but  only  a  single  head  produced 
any  seed,  and   this  one  head  produced 
only   five    grains.    Manipulation  in    this 
case  could   not  have  been  injurious,  as 
the  plants  have  separated  sexes.     No  one, 
I  believe,  has  suspected  that  these  varie- 
ties of  maize  are  distinct  species  ;  and  it  is 
important  to  notice  that  the  hybrid  plants 
thus   raised   were   themselves   perfectly 
fertile ;  so  that  even  Gartner  did  not  vent- 
ure to  consider  the  two  varieties  as  spe- 
cifically distinct. 

492.  Girou  de    Buzareingues  crossed 
three  varieties  of  gourd,  which  like  the 
maize  has  separated  sexes,  and  he  asserts 


that  their  mutual  fertilization  is  by  so 
much  the  less  easy  as  their  differences 
are  greater.  How  far  these  experiments 
may  be  trusted,  I  know  not ;  but  the 
forms  experimented  on  are  ranked  by 
Sageret,  who  mainly  founds  his  classifica- 
tion by  the  test  of  infertility,  as  varieties, 
and  Naudin  has  come  to  the  same  con- 
clusion. 

493.  The  following  case  is  far  more  re- 
markable and  seems  at  first  incredible  ; 
but  it  is  the  result  of  an  astonishing  num- 
ber of  experiments  made  during  many 
years  on  nine  species  of  Verbascum,  by 
so  good  an  observer  and  so  hostile  a  wit- 
ness as  Gartner  :  namely,  that  the  yellow 
and  white  varieties  when  crossed  produce 
less  seed  than  the  similarly  colored  vari- 
eties of  the  same  species.  Moreover,  he  as- 
serts that,  when  yellow  and  white  varieties 
of  one  species  are  crossed  with  yellow  and 
white  varieties  of  a  distinct  species,  more 
seed  is  produced  by  the  crosses  between 
the  similarly  colored  flowers,  than  be- 
tween those  which  are  differently  colored. 
Mr.  Scott  also  has  experimented  on  the 
species  and  varieties  of  Verbascum  ;  and 
although  unable  to  confirm  Gartner's  re< 
suits  on  the  crossing  of  the  distinct  spe- 
cies, he  finds  that  the-dissimilarly  colored 
varieties  of  the  same  species  yield  fewer 
seeds,  in  the  proportion  of  86  to  100,  than 
the  similarly  colored  varieties.  Yet  these 
varieties  differ  in  no  respect  except  in  the 
color  of  their  flowers ;  and  one  variety  can 
sometimes  be  raised  from  the  seed  of  an- 
other. 

494.  Kolreuter,  whose  accuracy  has  been 
confirmed  by  every  subsequent   observ- 
er, has  proved  the  remarkable  fact,  that 
one  particular  variety  of  the  common  to- 
bacco was  more  fertile  than  the  other  vari- 
eties, when  crossed  with  a  widely  distinct 
species.     He  experimented  on  five  forms 
which  are  commonly  reputed  to  be  varie- 
ties and  which  he  tested  by  the  severest 
trial,  namely,  by  reciprocal  crosses,  and  he 
found  their  mongrel  offspring  perfectly 
fertile.     But  one  of   these  five  varieties, 
when  used  either  as  the  father  or  mother, 
and  crossed  with  the  Nicotiana  glutinosa, 
always  yielded  hybrids  not  so  sterile  as 
those  which  were  produced  from  the  four 
other  varieties  when  crossed  with  N.  glu- 
tinosa.    Hence  the   reproductive  system 
of  this  one  variety  must  have  been  in 
some  manner  and  in  some  degree  modi- 
fied. 

495.  From  these  facts  it  can  no  longer 
be  maintained  that  varieties  when  crossed 
are  invariably  quite  fertile.     From   the 
great  difficulty  of  ascertaining  the  infer- 
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tility  of  varieties  in  a  state  of  nature,  for 
a  supposed  variety,  if  proved  to  be  infer- 
tile in  any  degree,  would  almost  univer- 
sally be  ranked  as  a  species  ; — from  man 
attending  only  to  external  characters  in 
his  domestic  varieties,  and  from  such  va- 
rieties not  having  been  exposed  for  very 
long  periods  to  uniform  conditions  of  life; 
—from  these  several  considerations  we 
may  conclude  that  fertility  does  not  con- 
stitute a  fundamental  distinction  between 
varieties  and  species  when  crossed.  The 
general  sterility  of  crossed  species  may 
safely  be  looked  at,  not  as  a  special  ac- 
quirement or  endowment,  but  as  inciden- 
tal on  changes  of  an  unknown  nature  in 
their  sexual  elements. 

Hybrids  and  Mongrels  compared,  inde- 
pendently of  their  fertility. 

496.  Independently  of  the  question  of 
fertility,  the  offspring  of  species  and  of 
varieties  when  crossed  may  be  compared 
in  several  other  respects.     Gartner,  whose 
strong  wish  it  was  to  draw  a  distinct  line 
between  species  and  varieties,  could  find 
very  few,   and,  as  it  seems  to  me,   quite 
unimportant  differences  between  the  so- 
called  hybrid  offspring  of  species,  and  the 
so-called   mongrel  offspring  of  varieties. 
And,  on  the  other  hand,  they  agree  most 
closely  in  many  important  respects. 

497.  I  shall  here  discuss  this  subject 
with  extreme  brevity.     The  most  impor- 
tant distinction  is,  that  in  the  first  gener- 
ation mongrels  are  more  variable  than 
hybrids  ;  but  Gartner  admits  that  hybrids 
from  species  which  have  long  been  culti- 
vated are  often  variable  in  the  first  gener- 
ation ;  and  I  have  myself  seen  striking  in- 
stances of  this  fact.     Gartner  further  ad- 
mits that  hybrids  between  very  closely 
allied   species  are   more    variable    than 
those   from   very  distinct    species ;  and 
this  shows  that  the  difference  in  the  de- 
gree of  variability  graduates  away.    When 
mongrels  and  the   more   fertile  hybrids 
are  propagated  for  several   generations, 
an  extreme  amount  of  variability  in  the 
offspring  in  both  cases  is  notorious ;  but 
some  few  instances  of  both  hybrids  and 
mongrels  long  retaining  a  uniform  char- 
acter could  be  given.     The  variability, 
however,  in  the  successive  generations  of 
mongrels  is,  perhaps,  greater  than  in  hy- 
brids. 

498.  This   greater  variability  in  mon- 
grels that  in  hybrids  does  not  seem  at  all 
surprising.     For  the  parents  of  mongrels 
are  varieties,  and  mostly  domestic   vari- 
eties (very  few  experiments  having  been 


tried  on  natural  varieties),  and  this  im- 
s  that  there  has  been  recent  variabil- 
ty,  which  would  often  continue  and  would 
augment  that  arising  from  the  act  of 
crossing.  The  slight  variability  of  hy- 
brids in  the  first  generation,  in  contrast 
with  that  in  the  succeeding  generations, 
is  a  curious  fact  and  deserves  attention. 
For  it  bears  on  the  view  which  1  have  ta- 
ken of  one  of  the  causes  of  ordinary  vari- 
ability ;  namely,  that  the  reproductive 
system  from  being  eminently  sensitive  to 
changed  conditions  of  life,  fails  under 
these  circumstances  to  perform  its  proper 
function  of  producing  offspring  closely 
similar  in  all  respects  to  the  parent-form. 
Now  hybrids  in  the  first  generation  are 
descended  from  species  (excluding  those 
long-cultivated)  which  have  not  had  their 
reproductive  systems  in  any  way  affected, 
and  they  are  not  variable  ;  but  hybrids 
themselves  have  their  reproductive  sys- 
tems seriously  affected,  and  their  descend- 
ants are  highly  variable. 

499.  But  to  return  to  our  comparison 
of  mongrels  and  hybrids  :  Gartner  states 
that  mongrels  are  more  liable  than  hy- 
brids to  revert  to  either  parent-form ;  but 
this,  if  it  be  true,  is  certainly  only  a  dif- 
ference in  degree.  Moreover,  Gartner 
expressly  states  that  hybrids  from  long 
cultivated  plants  are  more  subject  to  re- 
version than  hybrids  from  species  in  their 
natural  state ;  and  this  probably  explains 
the  singular  difference  in  the  results  ar- 
rived at  by  different  observers  :  thus,  Max 
Wichura  doubts  whether  hybrids  ever  re- 
vert to  their  parent-forms,  and  he  exper- 
imented on  uncultivated  species  of  wil- 
lows ;  while  Naudin,  on  the  other  hand, 
insists  in  the  strongest  terms  on  the  al- 
most universal  tendency  to  reversion  in 
hybrids,  and  he  experimented  chiefly  on 
cultivated  plants.  Gartner  further  states 
that  when  any  two  species,  although  most 
closely  allied  to  each  other,  are  crossed 
with  a  third  species,  the  hybrids  are  wide- 
ly different  from  each  other ;  whereas, 
if  two  very  distinct  varieties  of  one  spe- 
cies are  crossed  with  another  species, 
the  hybrids  do  not  differ  much.  But  this 
conclusion,  as  far  as  I  can  make  out,  is 
founded  on  a  single  experiment ;  and 
seems  directly  opposed  to  the  results 
of  several  experiments  made  by  Kol- 
reuter. 

500.  Such  alone  are  the  unimportant 
differences  which  Gartner  is  able  to  point 
out  between  hybrid  and  mongrel  plants. 
On  the  other  hand,  the  degrees  and  kinds 
of  resemblance  in  mongrels  and  in  hy- 
brids to  their  respective  parents,  more  ea> 
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pecially  in  hybrids  produced  from  nearly 
related  species,  follow  according  to  Gart- 
ner the  same  laws.  When  two  species  are 
crossed,  one  has  sometimes  a  prepotent 
power  of  impressing  its  likeness  on  the 
hybrid.  So  I  believe  it  to  be  with  varieties 
of  plants ;  and  with  animals  one  variety 
certainly  often  has  this  prepotent  power 
over  another  variety.  Hybrid  plants  pro- 
duced from  a  reciprocal  cross,  generally 
resemble  each  other  closely  ;  and  so  it  i 
with  mongrel  plants  from  a  reciprocal 
cross.  Both  hybrids  and  mongrels  can 
be  reduced  to  either  pure  parent-form, 
by  repeated  crosses  in  successive  genera- 
tions with  either  parent. 

501.  These  several  remarks  are  appar- 
ently applicable  to  animals  :  but  the  sub- 
ject is  here  much  complicated,  partly  ow- 
ing to  the  existence  of  secondary  sexual 
characters ;  but  more  especially  owing  to 
orepotency  in  transmitting  likeness  run- 
ning more  strongly  in  one  sex  than  in  the 
other,  both  when  one  species  is  crossed 
with  another,  and  when  one  variety  is 
crossed  with  another  variety.     For  in- 
stance, I  think  those  authors  are  right, 
who  maintain  that  the  ass  has  a  prepotent 
power  over  the  horse,  so  that  both  the 
mule  and  the  hinny  resemble  more  close- 
ly the  ass  than  the  horse;  but  that  the 
prepotency  runs  more  strongly  in  the  male 
than  in  the  female  ass,  so  that  the  mule 
which  is  the  offspring  of  the  male  ass  anc 
mare,  is  more  like  an  ass,  than  is  the  hin- 
ny, which  is  the  offspring  of  the  female- 
ass  and  stallion. 

502.  Much  stress  has  been  laid  by  some 
authors  on  the  supposed  fact,  that  it  is 
only  with  mongrels  that  the  offspring  are 
not  intermediate  in  character,  but  closely 
resemble  one  of  their  parents ;   but  this 
does  sometimes  occur  with  hybrids,  ye 
I  grant  much  less  frequently  than  with 
mongrels.     Looking  to  the  cases  which 
I  have  collected   of  cross-bred  animals 
closely  resembling  one  parent,  the  resem 
blances  seem  chiefly  confined  to  charac 
ters  almost  monstrous  in  their  nature,  anc 
which  have  suddenly  appeared — such  a 
albinism,  melanism,  deficiency  of  tail  o 
horns,  or  additional  fingers  and  toes  ;  anc 
do  not  relate  to  characters  which  hav 
been  slowly  acquired  through  selection 
A  tendency  to  sudden  reversions  to  th 
perfect  character  of  either  parent  woulc 
also,  be  much  more  likely  to  occur  wit 
mongrels,  which  are  descended  from  va 
rieties  often  suddenly  produced  and  semi 
monstrous  in  character,  than  with  hybrids 
which  are  descended  from  species  slowl 
and  naturally  produced,    On  the  whole 


entirely  agree  with  Dr.  i-  rosper  Lucas, 
vho,  after  arranging  an  enormous  body 
f  facts  with  respect  to  animals,  cornes  to 
tie  conclusion,  that  the  laws  pf  resem- 
lance  of  the  child  to  its  parents  are  the 
ame,  whether  the  two  parents  differ  lit- 
le  or  much  from  each  other,  namely,  in 
he  union  of  individuals  of  the  same  va- 
iety,  or  of  different  varieties,  or  of  dis- 
inct  species. 

503.  Independently  of  the  question  of 
ertility  and  sterility,  in  all  other  respects 
here  seems  to  be  a  general   and  close 

similarity  in  the  offspring  of  crossed  spe- 
cies, and  of  crossed  varieties.  If  \ve 
ook  at  species  as  having  been  specially 
created,  and  at  varieties  as  having  been 
jroduced  by  secondary  laws,  this  similar- 
ly would  be  an  astonishing  fact.  But  it 
larmonizes  perfectly  with  the  view  that 
there  is  no  essential  distinction  between 
species  and  varieties. 

Summary  of  Chapter. 

504.  First  crosses  between  forms,  suf- 
ficiently distinct  to  be  ranked  as  species, 
and  their  hybrids,  are  very  generally,  but 
not  universally  sterile.     The  sterility  is  of 
all  degrees,  and  is  often  so  slight  that  the 
most  careful  experimentalists  have  ar- 
rived at  diametrically  opposite  conclu- 
sions in  ranking  forms  by  this  test.     The 
sterility  is  innately  variable  in  individuals 
of  the  same  species,  and  is  eminently  sus- 
ceptible to  the  action  of   favorable   and 
unfavorable  conditions.     The  degree  of 
sterility  does  not  strictly  follow  system- 
atic affinity,  but  is  governed  by  several 
curious  and  complex  laws.     It  is  gener- 
ally different,  and  sometimes  widely  dif- 
ferent, in  reciprocal  crosses  between  the 
same  two  species.     It  is  not  always  equal 
in  degree  in  a  first  cross  and  in  the  hy- 
brids produced  from  this  cross. 

505.  In  the  same  manner  as  in  grafting 
trees,  the  capacity  of  one  species  or  vari- 
ety to  take  on  another,  is  incidental  on 
differences,  generally  of  an  unknown  na- 
ture, in  their  vegetative  systems,  so  in 
crossing,  the  greater  or  less  facility  of  one 
species  to  unite  with  another  is  incidental 
on  unknown  differences  in  their  reproduc- 
tive systems.     There  is  no  more  reason  to 
think  that  species  have  been  specially  en- 
dowed with  various  degrees  of  sterility 
to  prevent  their  crossing  and  blending  in 
nature,  than  to  think  that  trees  have  been 
specially  endowed  with  various  and  some- 
what  analogous  degrees  of  difficulty  in 
being  grafted  together  in  order  to  prevent 
their  inarching  in  our  forests. 

506,  The  sterility  of  first  crosses  and 
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of  their  hybrid  progeny  has  not  been  ac- 
quired through  natural  selection.  In  the 
case  of  first  crosses  it  seems  to  depend 
on  several  circumstances ;  in  some  in- 
stances in  chief  part  on  the  early  death 
of  the  embryo.  In  the  case  of  hybrids,  it 
apparently  depends  on  their  whole  organ- 
ization having  been  disturbed  by  being 
compounded  from  two  distinct  forms ; 
the  sterility  being  closely  allied  to  that 
which  so  frequently  affects  pure  species, 
when  exposed  to  new  and  unnatural  con- 
ditions of  life.  He  who  will  explain  these 
latter  cases  will  be  able  to  explain  the 
sterility  of  hybrids.  This  view  is  strong- 
ly supported  by  a  parallelism  of  another 
kind  :  namely,  that,  firstly,  slight  changes 
in  the  conditions  of  life  add  to  the  vigor 
and  fertility  of  all  organic  beings ;  and 
secondly,  that  the  crossing  of  forms, 
which  have  been  exposed  to  slightly  dif- 
ferent conditions  of  life  or  which  have  va- 
ried, favors  the  size,  vigor,  and  fertility  of 
their  offspring.  The  facts  given  on  the 
sterility  of  the  illegitimate  unions  of  di- 
morphic and  trimorphic  plants  and  of 
their  illegitimate  progeny,  perhaps  render 
it  probable  that  some  unknown  bond  in 
all  cases  connects  the  degree  of  fertility 
of  first  unions  with  that  of  their  offspring. 
The  consideration  of  these  facts  on  di- 
morphism, as  well  as  of  the  results  of  re- 
ciprocal crosses,  clearly  leads  to  the  con- 
clusion that  the  primary  cause  of  the  steril- 
ity of  crossed  species  is  confined  to  differ- 
ences in  their  sexual  elements.  But  why, 
in  the  case  of  distinct  species,  the  sexual 
elements  should  so  generally  have  be- 
come more  or  less  modified,  leading  to 
their  mutual  infertility,  we  do  not  know  ; 
but  it  seems  to  stand  in  some  close  rela- 
tion to  species  having  been  exposed  for 
long  periods  of  time  to  nearly  uniform 
conditions  of  life. 

507.  It  is  not  surprising  that  the  diffi- 
culty in  crossing  any  two  species,  and  the 
sterility  of  their  hybrid  offspring,  should 
in  most  cases  correspond,  even  if  due  to 
distinct  causes ;  for  both  depend  on  the 
amount  of  difference  between  the  species 
which  are  crossed.  Nor  is  it  surprising 
that  the  facility  of  effecting  a  first  cross, 
and  the  fertility  of  the  hybrids  thus  pro- 
duced, and  the  capacity  of  being  grafted 
together — though  this  latter  capacity  ev- 
idently depends  on  widely  different  cir- 
cumstances— should  all  run,  to  a  certain 
extent,  parallel  with  the  systematic  affin- 
ity of  the  forms  subjected  to  experiment ; 
for  systematic  affinity  includes  resem- 
blances of  all  kinds. 

508.    First    crosses     between    forms 


known  to  be  varieties,  or  sufficiently  alike 
to  be  considered  as  varieties,  and  their 
mongrel  offspring,  are  very  generally,  but 
not,  as  is  so  often  stated,  invariably  fer- 
tile. Nor  is  this  almost  universal  and  per- 
fect fertility  surprising,  when  it  is  remem- 
bered how  liable  we  are  to  argue  in  a  cir- 
cle with  respect  to  varieties  in  a  state  ot 
nature  ;  and  when  we  remember  that  the 
greater  number  of  varieties  have  been 
produced  under  domestication  by  the  se- 
lection of  mere  external  differences,  and 
that  they  have  not  been  long  exposed  to 
uniform  conditions  of  life.  It  should  also 
be  especially  kept  in  mind,  that  long-con- 
tinued domestication  tends  to  eliminate 
sterility,  and  is  therefore  little  likely  to  in- 
duce this  same  quality.  Independently  of 
the  question  of  fertility,  in  all  other  re- 
spects there  is  the  closest  general  resem- 
blance between  hybrids  and  mongrels, 
— in  their  variability,  in  their  power  of 
absorbing  each  other  by  repeated  crosses 
and  in  their  inheritance  of  characters, 
from  both  parent-forms.  Finally,  then, 
although  we  are  as  ignorant  of  the  precise 
cause  of  the  sterility  of  first  crosses  and 
of  hybrids  as  we  are  why  animals  and 
plants  removed  from  their  natural  condi- 
tions become  sterile,  yet  the  facts  given 
in  this  chapter  do  not  seem  to  me  op- 
posed to  the  belief  that  species  aborigi- 
nally existed  as  varieties. 


CHAPTER  X. 

ON  THE   IMPERFECTION   OF  THE 
GEOLOGICAL  RECORD. 

On  the  absence  of  intermediate  varieties  at  the 

§  resent  day — On  the  nature  of  extinct  interme- 
iate  varieties  :  on  their  number — On  the  lapse 
of  time  as  inferred  from  the  rate  of  denuda- 
tion and  of  deposition — On  the  lapse  of  time  as 
estimated  by  years — On  the  poorness  of  our  pa- 
leontological  collections —  On  the  intermittence 
of  geological  formations— On  the  denudation  of 
granitic  areas^-On  the  absence  of  intermedi- 
ate varieties  in  any  one  formation— On  the 
sudden  appearance  of  groups  of  species — On 
their  sudden  appearance  in  the  lowest  known 
fossiliferous  strata— Antiquity  of  the  habitable 
earth. 

509.  IN  the  sixth  chapter  I  enumerated 
the  chief  objections  which  might  be  just- 
ly urged  against  the  views  maintained  in 
this  volume.  Most  of  them  have  now 
been  discussed.  One,  namely  the  distinct- 
ness of  specific  forms,  and  their  not  being 
blended  together  by  innumerable  transi- 
tional links,  is  a  very  obvious  difficulty.  I 
assigned  reasons  why  such  links  do  not 
commonly  occur  at  the  present  day  under 
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the  circumstances  apparently  most  fa- 
vorable for  their  presence,  namely  on  an 
extensive  and  continuous  area  with  grad- 
uated physical  conditions.  I  endeavored 
to  show,  that  the  life  of  each  species  de- 
pends in  a  more  important  manner  on 
the  presence  of  other  already  denned  or- 
ganic forms,  than  on  climate  ;  and,  there- 
fore, that  the  really  governing  conditions 
of  life  do  not  graduate  away  quite  insensi- 
bly like  heat  or  moisture.  I  endeavored, 
also,  to  show  that  intermediate  varieties, 
from  existing  in  lesser  numbers  than  the 
forms  which  they  connect,  will  generally 
be  beaten  out  and  exterminated  during 
the  course  of  further  modification  and 
improvement.  The  main  cause,  however, 
of  innumerable  intermediate  links  not 
now  occurring  everywhere  throughout 
nature,  depends  on  the  very  process  of 
natural  selection,  through  which  new  va- 
rieties continually  take  the  places  of  and 
supplant  their  parent-forms.  But  just  in 
proportion  as  this  process  of  extermina- 
tion has  acted  on  an  enormous  scale,  so 
must  the  number  of  intermediate  varieties, 
which  have  formerly  existed,  be  truly 
enormous.  Why  then  is  not  every  geo- 
logical formation  and  every  stratum  full 
of  such  intermediate  links  ?  Geology  as- 
suredly does  not  reveal  any  such  finely- 
graduated  organic  chain  ;  and  this,  per- 
haps, is  the  most  obvious  and  serious 
objection  which  can  be  urged  against  the 
theory.  The  explanation  lies,  as  I  believe, 
in  the  extreme  imperfection  of  the  geo- 
logical record. 

510.  In  the  first  place,  it  should  always 
be  borne  in  mind  what  sort  of  intermedi- 
ate forms  must,  on  the  theory,  have  for- 
merly existed.  I  have  found  it  difficult, 
when  looking  at  any  two  species,  to  avoid 
picturing  to  myself  forms  directly  inter- 
mediate between  them.  But  this  is  a 
wholly  false  view  ;  we  should  always  look 
for  forms  intermediate  between  each 
species  and  a  common  but  unknown  pro- 
genitor ;  and  the  progenitor  will  generally 
have  differed  in  some  respects  from  all 
its  modified  descendants.  To  give  a  sim- 
ple illustration :  the  fantail  and  pouter 
pigeons  are  both  descended  from  the 
rock-pigeon ;  if  we  possessed  all  the  in- 
termediate varieties  which  have  ever  ex- 
isted, we  should  have  an  extremely  close 
series  between  both  and  the  rock-pigeon  ; 
but  we  should  have  no  varieties  directly 
intermediate  between  the  fantail  and  pout- 
er ;  none,  for  instance,  combining  a  tail 
somewhat  expanded  with  a  crop  some- 
what enlarged,  the  characteristic  features 
of  these  two  breeds.  These  two  breeds, 


moreover,  have  become  so  much  modi- 
fied, that,  if  we  had  no  historical  or  indi- 
rect evidence  regarding  their  origin,  it 
would  not  have  been  possible  to  have  de- 
termined, from  a  mere  comparison  of 
their  structure  with  that  of  the  rock- 
pigeon,  C.  livia,  whether  they  had  de- 
scended from  this  species  or  from  some 
other  allied  form,  such  as  C.  oenas. 

511.  So  with  natural  species  if  we  look 
to  forms  very  distinct,  for  instance  to  the 
horse  and   tapir,  we  have  no  reason   to 
suppose  that  links  directly  intermediate 
between  them  ever  existed,  but  between 
each  and  an  unknown  common   parent. 
The  common  parent  will  have  had  in  its 
whole  organization  much  general  resem- 
blance to  the  tapir  and  to  the  horse  ;  but 
in  some  points  of  structure  may  have  dif- 
fered considerably  from  both,  even  per- 
haps more   than  they  differ  from   each 
other.     Hence  in  all  such  cases,  we  should 
be  unable  to  recognize  the  parent-form 
of  any  two  or  more  species,  even  if  we 
closely  compared  the  structure  of  the  pa- 
rent with  that  of  its  modified  descend- 
ants, unless  at  the  same  time  we  had  a 
nearly  perfect  chain  of  the  intermediate 
links. 

512.  It  is  just  possible  by  the  theory, 
that  one  of  two  living  forms  might  have 
descended  from  the  other ;  for  instance, 
a  horse  from  a  tapir ;  and  in  this  case, 
direct  intermediate  links  will  have  existed 
between  them.     But  such  a  case  would 
imply  that  one  form  had  remained  for  a 
very  long  period  unaltered,  while  its  de- 
scendants had  undergone  a  vast  amount 
of  change  ;  and  the  principle  of  competi- 
tion  between    organism   and   organism, 
between  child  and  parent,  will  render  this 
a  very  rare  event ;    for  in  all  cases  the 
new  and   improved    forms   of   life   tend 
to    supplant    the    old    and    unimproved 
forms. 

513.  By  the  theory  of  natural  selection 
all  living  species  have  been  connected  with 
the  parent-species  of  each  genus,  by  differ- 
ences not  greater  than  we  see  between 
the  natural  and  domestic  varieties  of  the 
same  species  at  the  present  day ;  and 
these  parent-species,  now  generally  ex- 
tinct, have  in  their   turn  been  similarly 
connected  with  more  ancient  forms ;  and 
so  on  backward,  always  converging  to 
the  common  ancestor  of  each  great  class. 
So  that  the  number  of  intermediate  and 
transitional  links,  between  all  living  and 
extinct  species,  must  have  been  incon- 
ceivably great.     But    assuredly,  if    this 
theory  be  true,  such  have  lived  upon  the 
earth. 
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On  the  Lapse  of  Time,  as  inferred  from 
the  rate  of  Deposition  and  extent  of 
Denudation. 

514.  Independently  of  our  not  finding 
fossil  remains  of  such  infinitely  numerous 
connecting  links,  it  may  be  objected  that 
time  cannot  have  sufficed  for  so  great  an 
amount  of  organic  change,  all  changes 
having  been  effected  slowly.     It  is  hardly 
possible   for  me  to  recall  to   the   reader 
who  is  not  a  practical  geologist,  the  facts 
leading  the  mind  feebly  to  comprehend 
the  lapse  of  time.     He  who  can  read  Sir 
Charles  Lyell's  grand  work  on  the  Prin- 
ciples of  Geology,  which  the  future  his- 
torian will  recognize  as  having  produced 
a  revolution  in  natural  science,  and  yet 
does  not  admit  how  vast  have  been  the 
past  periods  of  time,  may  at  once  close 
this  volume.     Not  that  it  suffices  to  study 
the  Principles  of  Geology,  or  to  read  spe- 
cial  treatises  by  different  observers  on 
separate   formations,  and   to  mark  how 
each  author  attempts  to  give  an  inad- 
equate idea  of  the  duration  of  each  for- 
mation, or  even  of   each  stratum.     We 
can  best  gain  some  idea  of  past  time  by 
knowing  the  agencies  at  work,  and  learn- 
ing how  deeply  the  surface  of  the  land 
has  been  denuded,  and  how  much  sedi- 
ment has  been  deposited.     As  Lyell  has 
well  remarked,  the  extent  and  thickness 
of  our  sedimentary  formations  are   the 
result  and  the  measure  of  the  denudation 
which  the  earth's  crust  has   elsewhere 
undergone.     Therefore  a  man  should  ex- 
amine for  himself  the  great  piles  of  super- 
imposed strata,  and  watch   the   rivulets 
bringing    down    mud,   and    the    waves 
wearing  away  the  sea-cliffs,  in  order  to 
comprehend  something  about  the  dura- 
tion  of    past  time,   the   monuments  of 
which  we  see  all  around  us. 

515.  It  is  good  to  wander  along  the 
coast,  when  formed  of  moderately  hard 
rocks,  and  mark  the  process  of  degrada- 
tion.    The  tides  in  most  cases  reach  the 
cliffs  only  for  a  short  time  twice  a  day, 
and  the  waves  eat  into  them  only  when 
they  are  charged  with  sand  or  pebbles ;  for 
there  is  good  evidence  that  pure  water  ef- 
fects nothing  in  wearing  away  rock.     At 
last  the  base  of  the  cliff  is  undermined, 
huge  fragments  fall  down,  and  these,  re- 
maining fixed,   have   to   be   worn  away 
atom  by  atom,  until  after  being  reduced 
in  size  they  can  be  rolled  about  by  the 
waves,  and  then  they  are  more  quickly 
ground  into  pebbles,  sand,  or  mud.     But 
how  often  do  we  see  along  the  bases  of 
retreating    cliffs  rounded    boulders,   all 


thickly  clothed  by  marine  productions, 
showing  how  little  they  are  abraded  and 
how  seldom  they  are  rolled  about ' 
Moreover,  if  we  follow  for  a  few  miles 
any  line  of  rocky  cliff,  which  is  undergo- 
ing degradation,  we  find  that  it  is  only 
here  and  there,  along  a  short  length  or 
round  a  promontory,  that  the  cliffs  are  at 
the  present  time  suffering.  The  appear- 
ance of  the  surface  and  the  vegetation 
show  that  elsewhere  years  have  elapsed 
since  the  waters  washed  their  base. 

516.  We  have,  however,  recently  learnt 
from  the  observations  of  Ramsay,  in  the 
van    of    many    excellent    observers — of 
Jukes,  Geikie,  Croll,  and  others,  that  sub- 
aerial  degradation  is  a  much  more  impor- 
tant   agency  than    coast-action  or  the 
power  of  the  waves.     The  whole  surface 
of   the  land  is  exposed  to  the  chemical 
action  of  the  air  and  of  the  rain-water 
with  its  dissolved  carbonic  acid,  and  in 
colder  countries  to  frost ;  the  disintegrat- 
ed matter  is  carried   down  even   gentle 
slopes  during  heavy  rain,  and  to  a  greater 
extent  than  might  be  supposed,  especially 
in  arid  districts,  by  the  wind ;  it  is  then 
transported  by  the  streams  and  rivers, 
which  when  rapid  deepen  their  channels, 
and  triturate  the  fragments.     On  a  rainy 
day,  even  in  a  gently  undulating  country, 
we  see  the  effects  of  subaerial  degrada- 
tion in  the  muddy  rills  which  flow  down 
every  slope.     Messrs.  Ramsay  and  Whit- 
aker  have  shown,  and  the  observation  is 
a  most  striking  one,  that  the  great  lines 
of  escarpment  in  the   Wealden  district 
and  those  ranging  across  England,  which 
formerly  were  looked  at  as  ancient  sea- 
coasts,  cannot  have  been  thus  formed, 
for  each  line  is  composed  of  one  and  the 
same  formation,  while  our  sea-cliffs  are 
everywhere  formed  by  the  intersection  of 
various  formations.     This  being  the  case, 
we  are  compelled  to  admit  that  the  es 
carpments  owe  their  origin  in  chief  part 
to  the  rocks  of  which  they  are  composed 
having  resisted  subaerial  denudation  bet- 
ter than   the   surrounding  surface ;  this 
surface  consequently  has  been  gradually 
lowered,  with  the  lines  of  harder  rock  left 
projecting.     Nothing  impresses  the  mind 
with  the  vast  duration  of  time,  accord- 
ing to  our  ideas  of  time,  more  forcibly 
than   the   conviction   thus    gained    that 
subaerial  agencies  which  apparently  have 
so    little    power,    and    which    seem    to 
work  so  slowly,  have  produced  great  re- 
sults. 

517.  When  thus  impressed  with  the 
slow  rate  at  which  the  land  is  worn  away 
through  subaerial  and  littoral  action,  it  is 
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good,  in  order  to  appreciate  the  past  du- 
ration of  time,  to  consider,  on  the  one 
hand,  the  masses  of  rock  which  have 
been  removed  over  many  extensive  areas, 
and  on  the  other  hand  the  thickness  of 
our  sedimentary  formations.  I  remem- 
ber having  been  much  struck  when  view- 
ing volcanic  islands,  which  have  been 
worn  by  the  waves  and  pared  all  round 
into  perpendicular  cliffs  of  one  or  two 
thousand  feet  in  height ;  for  the  gentle 
slope  of  the  lava-streams,  due  to  their 
formerly  liquid  state,  showed  at  a  glance 
how  far  the  hard,  rocky  beds  had  once 
extended  into  the  open  ocean.  The 
same  story  is  told  still  more  plainly  by 
faults, — those  great  cracks  along  which 
the  strata  have  been  upheaved  on  one 
side,  or  thrown  down  on  the  other,  to  the 
height  or  depth  of  thousands  of  feet ;  for 
since  the  crust  cracked,  and  it  makes  no 
great  difference  whether  the  upheaval 
was  sudden,  or,  as  most  geologists  now 
believe,  was  slow  and  effected  by  many 
starts,  the  surface  of  the  land  has  been 
so  completely  planed  down  that  no  trace 
of  these  vast  dislocations  is  externally 
visible.  The  craven  fault,  for  instance, 
extends  for  upward  of  30  miles,  and 
along  this  line  the  vertical  displacement 
of  the  strata  varies  from  600  to  3000  feet. 
Professor  Ramsay  has  published  an  ac- 
count of  a  downthrow  in  Anglesea  of  2300 
feet ;  and  he  informs  me  that  he  fully 
believes  there  is  one  in  Merionethshire  of 
12,000  feet;  yet  in  these  cases  there  is 
nothing  on  the  surface  of  the  land  to 
show  such  prodigious  movements ;  the 
pile  of  rocks  on  either  side  of  the  crack 
having  been  smoothly  swept  away. 

518.  On  the  other  hand,  in  all  parts  of 
the  world  the  piles  of  sedimentary  strata 
are  of  wonderful  thickness.  In  the  Cor- 
dillera I  estimated  one  mass  of  conglom- 
erate at  ten  thousand  feet;  and  although 
conglomerates  have  probably  been  ac- 
cumulated at  a  quicker  rate  than  finer 
sediments,  yet  from  being  formed  of 
worn  and  rounded  pebbles,  each  of  which 
bears  the  stamp  of  time,  they  are  good 
to  show  how  slowly  the  mass  must  have 
been  heaped  together.  Professor  Ramsay 
has  given  me  the  maximum  thickness, 
from  actual  measurement  in  most  cases, 
of  the  successive  formations  in  different 
parts  of  Great  Britain;  and  this  is  the 
result : — 

Feet. 
Paleozoic  strata  (not  including  igneous  beds)  57,154 

Secondary  strata 13,190 

Tertiary  strata 2,240 

—making  altogether  72,584  feet ;  that  is, 


very  nearly  thirteen  and  three-quarters 
British  miles.  Some  of  the  formations, 
which  are  represented  in  England  by  thin 
beds,  are  thousands  of  feet  in  thickness 
on  the  Continent.  Moreover,  between 
each  successive  formation,  we  have,  in 
the  opinion  of  most  geologists,  blank  pe- 
riods of  enormous  length.  So  that  the 
lofty  pile  of  sedimentary  rocks  in  Britain 
gives  but  an  inadequate  idea  of  the  time 
which  has  elapsed  during  their  accumu- 
lation. The  consideration  of  these  vari- 
ous facts  impresses  the  mind  almost  in 
the  same  manner  as  does  the  vain  en- 
deavor to  grapple  with  the  idea  of  eter- 
nity. 

519.  Nevertheless  this  impression  is 
partly  false.  Mr.  Croll,  in  an  interesting 
paper,  remarks  that  we  do  not  err  "in 
forming  too  great  a  conception  of  the 
length  of  geological  periods,"  but  in  esti- 
mating them  by  years.  When  geologists 
look  at  large  and  complicated  phenomena, 
and  then  at  the  figures  representing  sev- 
eral million  years,  the  two  produce  a 
totally  different  effect  on  the  mind,  and 
the  figures  are  at  once  pronounced  too 
small.  In  regard  to  subaerial  denudation, 
Mr.  Croll  shows,  by  calculating  the  known 
amount  of  sediment  annually  brought 
down  by  certain  rivers,  relatively  to  their 
areas  of  drainage,  that  1000  feet  of  solid 
rock,  as  it  became  gradually  disintegrat- 
ed, would  thus  be  removed  from  the 
mean  level  of  the  whole  area  in  the  course 
of  six  million  years.  This  seems  an  as- 
tonishing result,  and  some  considerations 
lead  to  the  suspicion  that  it  may  be  too 
large,  but  even  if  halved  or  quartered  it  is 
still  very  surprising.  Few  of  us,  however, 
know  what  a  million  really  means  :  Mr. 
Croll  gives  the  following  illustration  :  take 
a  narrow  strip  of  paper,  83  feet  4  inches 
in  length,  and  stretch  it  along  the  wall 
of  a  large  hall ;  then  mark  off  at  one  end 
the  tenth  of  an  inch.  This  tenth  of  an  inch 
will  represent  one  hundred  years,  and  the 
entire  strip  a  million  years.  But  let  it  be 
borne  in  mind,  in  relation  to  the  subject 
of  this  work,  what  a  hundred  years  im- 
plies, represented  as  it  is  by  a  measure 
utterly  insignificant  in  a  hall  of  the  above 
dimensions.  Several  eminent  breeders, 
during  a  single  lifetime,  have  so  largely 
modified  some  of  the  higher  animals, 
which  propagate  their  kind  much  more 
slowly  than  most  of  the  lower  animals, 
that  they  have  formed  what  well  deserves 
to  be  called  a  new  sub-breed.  Few  men 
have  attended  with  due  care  to  any  one 
strain  for  more  than  half  a  century,  so 
that  a  hundred  years  represents  the  work 
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of  two  breeders  in  succession.  It  is  not 
to  be  supposed  that  species  in  a  state  of 
nature  ever  change  so  quickly  as  domes- 
tic animals  under  the  guidance  of  method- 
ical selection.  The  comparison  would  be 
in  every  way  fairer  with  the  effects  which 
follow  from  unconscious  selection,  that  is 
the  preservation  of  the  most  useful  or 
beautiful  animals,  with  no  intention  of 
modifying  the  breed  ;  but  by  this  process 
of  unconscious  selection,  various  breeds 
have  been  sensibly  changed  in  the  course 
of  two  or  three  centuries. 

520.  Species,  however,  probably  change 
much  more  slowly,  and  within  the  same 
country  only  a  few  change  at  the  same 
time.      This   slowness  follows   from  all 
the  inhabitants  of  the  same  country  be- 
ing already  so  well  adapted  to  each  other 
that  new  places  in  the  polity  of  nature  do 
not  occur  until  after  long   intervals,  due 
to  the  occurrence  of  physical  changes  of 
some  kind,  or  through  the   immigration 
of  new  forms.     Moreover  variations  or  in- 
dividual differences  of  the  right  nature,  by 
which  some  of  the  inhabitants  might  be 
better  fitted  to  their  new  places  under  the 
altered  circumstances,  would  not  always 
occur  at  once.     Unfortunately  we  have 
no  means  of  determining,  according  to 
the  standard  of  years,  how  long  a  period 
it  takes  to  modify  a  species ;  but  to  the 
subject  of  time  we  must  return. 

On  the  poorness  of  our  Paleontologtcal 
Collections. 

521.  Now  let  us  turn  to  our  richest  geo- 
logical museums,  and  what  a  paltry  dis- 
play we   behold !     That  our  collections 
are  imperfect  is  admitted  by  every  one. 
The  remark  of  that  admirable  paleontol- 
ogist, Edward  Forbes,  should  never  be 
forgotten,  namely,  that  very  many  fossil 
species  are  known  and  named  from  single 
and  often  broken  specimens,  or  from  a 
few    specimens   collected   on  some  one 
spot.     Only  a  small  portion  of  the  sur- 
face of  the  earth  has  been  geologically 
explored,   and    no    part  with    sufficient 
care,  as  the  important  discoveries  made 
every    year  in    Europe  prove.     No    or- 
ganism   wholly  soft  can    be    preserved. 
Shells  and   bones  decay   and   disappear 
when  left  on  the  bottom  of  the  sea,  where 
sediment  is  not  accumulating.     We  prob- 
ably take  a  quite  erroneous  view  when 
we  assume  that    sediment  is  being   de- 
posited over  nearly  the  whole  bed  of  the 
sea,  at  a  rate  sufficiently  quick  to  embed 
and  preserve  fossil  remains.     Throuehout 
an  enormous'y  large  proportion  of  the 


ocean,  the  bright  blue  tint  of  the  watei 
bespeaks  its  purity.  The  many  cases  on 
record  of  a  formation  conformably  cov- 
ered, after  an  immense  interval  of  time, 
by  another  and  later  formation,  without 
the  underlying  bed  having  suffered  in  the 
interval  any  wear  or  tear,  seem  explicable 
only  on  the  view  of  the  bottom  of  the  sea 
not  rarely  lying  for  ages  in  an  unaltered 
condition.  The  remains  which  do  be- 
come embedded,  if  in  sand  or  gravel,  will 
when  the  beds  are  upraised,  generally  be 
dissolved  by  the  percolation  of  rain-watei 
charged  with  carbonic  acid.  Some  of 
the  many  kinds  of  animals  which  live  on 
the  beach  between  high  and  low-water 
mark  seem  to  be  rarely  preserved.  For 
instance,  the  several  species  of  the  Chtha- 
malinae  (a  sub-family  of  sessile  cirripedes) 
coat  the  rocks  all  over  the  world  in  infinite 
numbers :  they  are  all  strictly  littoral, 
with  the  exception  of  a  single  Mediterra- 
nean species,  which  inhabits  deep  water, 
and  this  has  been  found  fossil  in  Sicily, 
whereas  not  one  other  species  has  hither- 
to been  found  in  any  tertiary  formation : 
yet  it  is  known  that  the  genus  Chthama- 
lus  existed  during  the  Chalk  period. 
Lastly,  many  great  deposits  requiring  a 
vast  length  of  time  for  their  accumula- 
tion, are  entirely  destitute  of  organic  re- 
mains, without  our  being  able  to  assign 
any  reason  :  one  of  the  most  striking  in- 
stances is  that  of  the  Flysch  formation, 
which  consists  of  shale  and  sandstone, 
several  thousand,  occasionally  even  six 
thousand  feet,  in  thickness,  and  extending 
for  at  least  300  miles  from  Vienna  to 
Switzerland  ;  and  although  this  great  mass 
has  been  most  carefully  searched,  no  fos- 
sils, except  a  few  vegetable  remains,  have 
been  found. 

522.  With  respect  to  the  terrestrial 
productions  which  lived  during  the  Sec- 
ondary and  Paleozoic  periods,  it  is  super- 
fluous to  state  that  our  evidence  is  frag- 
mentary in  an  extreme  degree.  For  in- 
stance, until  recently  not  a  land-shell  was 
known  belonging  to  either  of  these  vast 
periods,  with  the  exception  of  one  species 
discovered  by  Sir  C.  Lyell  and  Dr.  Daw- 
son  in  the  carboniferous  strata  of  North 
America ;  but  now  land-shells  have  been 
found  in  the  lias.  In  regard  to  mammif- 
erous  remains,  a  glance  at  the  historical 
table  published  in  Lyell's  Manual  wiii 
bring  home  the  truth,  how  accidental  and 
rare  is  their  preservation,  far  better  than 
pages  of  detail.  Nor  is  their  rarity  sur- 
prising, when  we  remember  how  large  a 
proportion  of  the  bones  of  tertiary  mam- 
mals have  hem  discovered  either  in  caves 
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or  in  lacustrine  deposits ;  and  that  not  a 
cave  or  true  lacustrine  bed  is  known  be- 
longing to  the  age  of  our  secondary  or 
paleozoic  formations. 

523.  But  the  imperfection  in  the  geolog- 
ical record  largely  results  from  another 
and  more  important  cause  than  any  of 
the  foregoing  ;   namely,  from  the  several 
formations    being    separated  from  each 
other  by  wide  intervals  of  time.     This 
doctrine  has  been  emphatically  admitted 
by  many  geologists  and  paleontologists, 
who,  like  E.  Forbes,  entirely  disbelieve 
in  the  change  of  species.    When  we  see 
the  formations  tabulated  in  written  works, 
or  when  we  follow  them  in  nature,  it  is 
difficult  to  avoid  believing  that  they  are 
closely  consecutive.     But  we  know,  for 
instance,  from  Sir  R.  Murchison's  great 
work  on  Russia,  what  wide  gaps  there 
are  in  that  country  between  the  superim- 
posed formations;    so    it    is    in    North 
America,  and  in  many  other  parts  of  the 
world.     The  most  skillful  geologist,  if  his 
attention  had  been  confined  exclusively 
to   these   large   territories,   would   never 
have  suspected  that,  during  the  periods 
which  were  blank  and  barren  in  his  own 
country,  great  piles  of  sediment,  charged 
with  new  and  peculiar  forms  of  life,  had 
elsewhere  been  accumulated.     And  if,  in 
each  separate  territory,  hardly  any  idea 
can   be   formed   of  the   length   of   time 
which  has  elapsed  between  the  consecu- 
tive formations,  we  may  infer  that  this 
could  nowhere  be  ascertained.     The  fre- 
quent and  great  changes  in  the  mineralog- 
ical   composition   of  consecutive   forma- 
tions,  generally  implying  great   changes 
in  the    geography  of    the    surrounding 
lands,  whence  the  sediment  was  derived, 
accord  with  the  belief  of  vast  intervals  of 
time  having  elapsed  between  each  forma- 
tion. 

524.  We  can,  I  think,  see  why  the  geo- 
logical formations  of  each  region  are  al- 
most invariably  intermittent ;  that  is,  have 
not  followed  each  other  in  close  sequence. 
Scarcely  any  fact  struck  me  more  when 
examining  many    hundred   miles  of  the 
South  American  coasts,  which  have  been 
upraised  several  hundred  feet  within  the 
recent  period,   than  the  absence  of  any 
recent  deposits  sufficiently  extensive   to 
last  for  even  a  short  geological  period. 
Along  the  whole  west  coast,  which  is  in- 
habited by  a  peculiar  marine  fauna,  terti- 
ar     beds  are  so  poorly  developed,  that 
no  record  of  several  successive  and  pecul- 
iar marine  faunas  wiil  probably  be  pre- 
served to  a  distant  age.     A  little  reflection 
will  explain  why,  along  the  rising  coast  of 


the  western  side  of  South  America,  no 
extensive  formations  with  recent  or  ter- 
tiary remains  can  anywhere  be  found, 
though  the  supply  of  sediment  must  for 
ages  have  been  great,  from  the  enormous 
degradation  of  the  coast-rocks  and  from 
muddy  streams  entering  the  sea.  The 
explanation,  no  doubt,  is,  that  the  littoral 
and  sub-littoral  deposits  are  continually 
worn  away,  as  soon  as  they  are  brought 
up  by  the  slow  and  gradual  rising  of  the 
land  within  the  grinding  action  of  the 
coast-waves. 

525.  We  may,  I  think,  conclude  that 
sediment   must   be  accumulated   in  ex- 
tremely thick,  solid,  or  extensive  masses, 
in  order  to  withstand  the  incessant  action 
of  the  waves,  when   first  upraised   and 
during  successive  oscillations  of  level,  as 
well  as  the  subsequent  subaerial  degrada- 
tion.    Such  thick  and  extensive  accumu- 
lations of  sediment  may  be  formed  in  two 
ways  ;   either  in  profound  depths  of   the 
sea,  in  which  case  the  bottom  will  not  be 
inhabited  by  so   many  and  such   varied 
forms  of  life,  as  the  more  shallow  seas  ; 
and  the  mass  when  upraised  will  give  an 
imperfect  record  of  the  organisms  which 
existed  in  the  neighborhood  during  the 
period  of  its  accumulation.     Or,  sediment 
may  be   deposited  to   any  thickness   and 
extent  over  a  shallow  bottom,  if  it  con- 
tinue slowly  to  subside.      In  this  latter 
case,  as  long  as  the  rate  of  subsidence  and 
the  supply  of  sediment  nearly  balance  each 
other,  the  sea  will  remain  shallow  and 
favorable   for  many  and   varied   forms, 
and  thus  a  rich  fossiliferous  formation, 
thick   enough,  when  upraised,  to   resist 
a  large   amount  of  denudation  may  be 
formed. 

526.  I  am  convinced  that  nearly  all  our 
ancient  formations,  which  are  throughout 
the  greater  part  of  their  thickness  rich  in 
fossils,  have  thus  been  formed  during  sub- 
sidence.    Since  publishing  my  views  on 
this  subject  in  1845,  I  have  watched  the 
progress  of  Geology,    and    have    been 
surprised  to  note  how  author  after  author 
in   treating  of  this  or  that  great  forma- 
tion has  come  to  the  conclusion  that  it 
was  accumulated  during   subsidence.     1 
may  add,  that    the  only  ancient  tertiary 
formation   on  the  west  coast  of  South 
America,  which  has  been  bulky  enough 
to   resist  such  degradation  as  it  has  as 
yet  suffered,  but  which   will  hardly  last 
to  a  distant  geological  age,  was  depos- 
ited during  a  downward   oscillation   of 
level  and  thus  gained  considerable  thick- 
ness. 

527.  All  geological  facts  tell  us  plainly 
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that  each  area  has  undergone  numerous 
slow  oscillations  of  level,  and  apparently 
these  oscillations  have  affected  wide 
spaces.  Consequently,  formations  rich 
in  fossils  and  sufficiently  thick  and 
extensive  to  resist  subsequent  degra- 
dation, will  have  been  formed  over  wide 
spaces  during  periods  of  subsidence,  but 
only  where  the  supply  of  sediment  was 
sufficient  to  keep  the  sea  shallow  and 
to  embed  and  preserve  the  remains 
before  they  had  time  to  decay.  On  the 
other  hand,  as  long  as  the  bed  of  the  sea 
remains  stationary,  thick  deposits  can- 
not have  been  accumulated  in  the 
shallow  parts,  which  are  the  most  favor- 
able to  life.  Still  less  can  this  have 
happened  during  the  alternate  periods  of 
elevation ;  or,  to  speak  more  accurately, 
the  beds  which  were  then  accumulated 
will  generally  have  been  destroyed  by 
being  upraised  and  brought  within  the 
limits  of  the  coast-action. 

528.  These  remarks   apply   chiefly   to 
littoral  and  sublittoral  deposits.     In  the 
case  of  an  extensive  and  shallow  sea, 
such  as  that  within  a  large  part  of  the 
Malay     Archipelago,   where    the   depth 
varies  from  30  or  40  to  60  fathoms,    a 
widely    extended    formation    might   be 
formed  during  a  period  of  elevation,  and 
yet  not  suffer  excessively  from  denuda- 
tion  during  its  slow  upheaval ;  but  the 
thickness  of  the  formation  could  not  be 
great,  for  owing  to  the  elevatory  move- 
ment it  would  be  less  than  the  depth  in 
which  it  was  formed  ;  nor  would  the  de- 
posit be  much  consolidated,  nor  be  capped 
by  overlying  formations,  so  that  it  would 
run  a  good  chance  of  being  worn  away 
by  atmospheric  degradation  and  by  the 
action    of   the    sea    during    subsequent 
oscillations  of  level.      It   has,   however 
been  suggested  by  Mr.  Hopkins,  that  if 
one   part  of  the   area,   after  rising  and 
before  being  denuded,  subsided,  the  de- 
posit   formed   during  the    rising    move- 
ment, though  not  thick,  might  afterward 
become    protected   by   fresh    accumula- 
tions, and  thus  be  preserved  for  a  long 
period. 

529.  Mr.  Hopkins  also  expresses  his  be- 
lief that  sedimentary  beds  of  considerable 
horizontal  extent  have  rarely  been  com- 
pletely  destroyed.     But    all    geologists, 
excepting  the  few  who  believe  that  our 
present  metamorphic  schists  and  plutonic 
rocks  once  formed  the  primordial  nucleus 


of  the  globe,  will  admit  that  these  latter 


rocks  have  been  stript  of  their  covering 
to  an  enormous  extent.  For  it  is  scarce- 
ly possible  that  such  rocks  could  have 


been  solidified  and  crystallized  while  un- 
covered; but  if  the  metamorphic  action 
occurred  at  profound  depths  of  the  ocean, 
the  former  protecting  mantle  of  rock 
may  not  have  been  very  thick.  Admit- 
ting then  that  gneiss,  micaschist,  granite, 
diorite,  etc.,  were  once  necessarily  covered 
up,  how  can  we  account  for  the  naked 
and  extensive  areas  of  such  rocks  in 
many  parts  of  the  world,  except  on  the 
belief  that  they  have  subsequently  been 
ompletely  denuded  of  all  overlying  strata  ? 
That  such  extensive  areas  do  exist  can- 
not be  doubted :  the  granitic  region  of 
Parime  is  described  by  Humboldt  as  be- 
ing at  least  nineteen  times  as  large  as 
Switzerland.  South  of  the  Amazon, 
Boue  colors  an  area  composed  of  rocks  of 
this  nature  as  equal  to  that  of  Spain, 
France,  Italy,  part  of  Germany,  and  the 
British  Islands,  all  conjoined.  This 
region  has  not  been  carefully  explored, 
but  from  the  concurrent  testimony  of 
travelers,  the  granitic  area  is  very  large  : 
thus,  -  Von  Eschwege  gives  a  detailed 
section  of  these  rocks,  stretching  from 
Rio  de  Janeiro  for  260  geographical 
miles  inland  in  a  straight  line  ;  and  1 
traveled  for  1 50  miles  in  another  direction, 
and  saw  nothing  but  granitic  rocks. 
Numerous  specimens,  collected  along 
the  whole  coast  from  near  Rio  Janeiro  to 
the  mouth  of  the  Plata,  a  distance  of 
1 100  geographical  miles,  were  examined 
by  me,  and  they  all  belonged  to  this  class. 
Inland,  along  the  whole  northern  bank  of 
the  Plata  I  saw,  besides  modern  tertiary 
beds,  only  one  small  patch  of  slightly 
metamorphosed  rock,  which  alone  could 
have  formed  a  part  of  the  original  cap- 
ping of  the  granitic  series.  Turning  to 
a  well-known  region,  namely,  to  the 
United  States  and  Canada,  as  shown  in 
Professor  H.  D.  Rogers'  beautiful  map,  I 
have  estimated  the  areas  by  cutting  out 
and  weighing  the  paper,  and  I  find  that 
the  metamorphic  (excluding  "  the  semi- 
metamorphic ")  and  granitic  rocks  ex- 
ceed, in  the  proportion  of  19  to  12*5  the 
whole  of  the  newer  Paleozoic  formations. 
In  many  regions  the  metamorphic  and 
granitic  rocks  would  be  found  much 
more  widely  extended  than  they  appear 
to  be,  if  all  the  sedimentary  beds  were 
removed  which  rest  unconformably  on 
them,  and  which  could  not  have  formed 
part  of  the  original  mantle  under  which 
they  were  crystallized.  Hence  it  is  prob- 
able that  in  some  parts  of  the  world  whole 


formations  have  been  completely  denuded, 
with  not  a  wreck  left  behind. 

530.  One  remark  is  here  worth  a  pass- 

UH 
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ing  notice.  During  periods  of  elevation 
the  area  of  the  land  and  of  the  adjoining 
?hoal  parts  of  the  sea  will  be  increased, 
and  new  stations  will  often  be  formed  ;— 
all  circumstances  favorable,  as  previously 
explained,  for  the  formation  of  new  vari- 
eties and  species  ;  but  during  such  periods 
there  will  generally  be  a  blank  in  the  geo- 
logical record.  On  the  other  hand,  dur- 
ing subsidence,  the  inhabited  area  and 
number  of  inhabitants  will  decrease 
(excepting  on  the  shores  of  a  continent 
when  first  broken  up  into  an  archipelago), 
and  consequently  during  subsidence, 
though  there  will  be  much  extinction,  few 
new  varieties  or  species  will  be  formed  ; 
and  it  is  during  these  very  periods  of 
subsidence,  that  the  deposits  which  are 
richest  in  fossils  have  been  accumu- 
lated. 

On  the  Absence  of  Numerous  Interme- 
diate Varieties  in  any  single  Forma- 
tion. 

531.  From  these  several  considerations, 
it  cannot  be  doubted  that  the  geological 
record,  viewed  as  a  whole,  is  extremely 
imperfect ;  but  if  we  confine  our  attention 
to  any  one  formation,  it  becomes  much 
more  difficult  to  understand  why  we  do 
not  therein  find  closely  graduated  varie- 
ties between  the  allied  species  which  lived 
at  its  commencement  and  at  its  close. 
Several  cases  are  on  record  of  the  same 
species  presenting  varieties  in  the  upper 
and  lower  parts  of  the  same  formation : 
thus,  Trautschold  gives  a  number  of  in- 
stances with  Ammonites ;  and  Hilgendorf 
has  described  a  most  curious  case  of  ten 
graduated  forms  of  Planorbis  multiformis 
in  the  successive  beds  of  a  fresh-water 
formation  in  Switzerland,     Although  each 
formation  has  indisputably  required  a  vast 
number  of  years  for  its  deposition,  several 
reasons   can  be  given  why  each   should 
not  commonly  include  a  graduated  series 
of  links  between  the  species  which  lived 
at  its  commencement  and   close;  but  I 
cannot  assign   due  proportional   weight 
to  the  following  considerations. 

532.  Although    each    formation    may 
mark  a  very  long  lapse  of  years,  each  prob- 
ably is  short  compared  with  the  period 
requisite  to  change  one  species  into  an- 
other.    I  am  aware  that  two  paleontol- 
ogists,  whose    opinions    are  worthy  of 
much    deference,     namely    Bronn    and 
Woodward,  have  concluded  that  the  av- 
erage duration  of  each  formation  is  twice 
cr  thrice  as  long  as  the  average  duration 
of  specific  forms.     But  insuperable  diffi- 
culties, as  it  seems  to  me,  prevent  us  from 


coming  to  any  just  conclusion  on  this 
head.  When  we  see  a  species  first  ap- 
pearing in  the  middle  of  any  formation, 
it  would  be  rash  in  the  extreme  to  infer 
that  it  had  not  elsewhere  previously  ex- 
isted. So  again  when  we  find  a  species  dis- 
appearing before  the  last  layers  have  been 
deposited,  it  would  be  equally  rash  to 
suppose  that  it  then  became  extinct. 
We  forget  how  small  the  area  of  Europe 
is  compared  with  the  rest  of  the  world ; 
nor  have  the  several  stages  of  the  same 
formation  throughout  Europe  been  cor- 
related with  perfect  accuracy. 

533.  We  may  safely  infer  that  vdth 
marine  animals  of  all  kinds  there  has  been 
a  large  amount  of  migration  due  to  cli- 
matal  and  other  changes ;  and  when  we 
see  a  species  first  appearing  in  any  for- 
mation, the  probability  is  that  it  only  then 
first  immigrated  into  that  area.  It  is  well 
known,  for  instance,  that  several  species 
appeared  somewhat  earlier  in  the  paleo- 
zoic beds  of  North  America  than  in  those 
of  Europe  ;  time  having  apparently  been 
required  for  their  migration  from  the 
American  to  the  European  seas.  In  ex- 
amining the  latest  deposits  in  various 
quarters  of  the  world,  it  has  everywhere 
been  noted,  that  some  few  still  existing 
species  are  common  in  the  deposit,  but 
have  become  extinct  in  the  immediately 
surrounding  sea ;  or,  conversely,  that  some 
are  now  abundant  in  the  neighbor- 
ing sea,  but  are  rare  or  absent  in  this 
particular  deposit.  It  is  an  excellent 
lesson  to  reflect  on  the  ascertained 
amount  of  migration  of  the  inhabitants  of 
Europe  during  the  glacial  epoch  ;  which 
forms  only  a  part  of  one  whole  geological 
period  ;  and  likewise  to  reflect  on  the 
changes  of  level,  on  the  extreme  change 
of  climate,  and  on  the  great  lapse  of  time, 
all  included  within  this  same  glacial 
period.  Yet  it  may  be  doubted  whether 
in  any  quarter  of  the  world,  sedimentary 
deposits,  including  fossil  remains,  have 
gone  on  accumulating  w-ithin  the  same 
area  during  the  whole  of  this  period.  It 
is  not,  for  instance,  probable  that  sedi- 
ment was  deposited  during  the  whole  of 
the  glacial  period  near  the  mouth  of  the 
Mississippi,  within  that  limit  of  depth  at 
which  marine  animals  can  best  flourish:  for 
we  know  that  great  geographical  changes 
occurred  in  other  parts  of  America  during 
this  space  of  time.  When  such  beds  as 
were  deposited  in  shallow  water  neai  the 
mouth  of  the  Mississippi  during  soine 
part  of  the  glacial  period  shall  have  been 
upraised,  organic  remains  will  probably 
first  appear  and  disappear  at  different 
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levels,  owing  to  the  migrations  of  species 
and  to  geographical  changes.  And  in 
the  distant  future,  a  geologist,  examining 
these  beds  would  be  tempted  to  conclude 
that  the  average  duration  of  life  of  the 
embedded  fossils  had  been  less  than  that 
of  the  glacial  period,  instead  of  having 
been  really  far  greater,  that  is,  extending 
from  before  the  glacial  epoch  to  the 
present  day. 

534.  In  order  to  get  a  perfect  grada- 
tion between  two  forms  in  the  upper  and 
lower  parts  of  the  same  formation,  the 
deposit  must  have  gone  on  continuously 
accumulating  during  a  long  period,  suffi- 
cient for  the  slow  process  of  modifica- 
tion ;  hence  the  deposit  must  be  a  very 
thick  one;  and  the  species  undergoing 
change  must  have  lived  in  the  same  dis- 
trict throughout  the  whole  time.  But 
we  have  seen  that  a  thick  formation,  fos- 
siliferous  throughout  its  entire  thickness, 
can  accumulate  only  during  a  period  of 
subsidence  ;  and  to  keep  the  depth  ap- 
proximately the  same,  which  is  necessary 
that  the  same  marine  species  may  live  on 
the  same  space,  the  supply  of  sediment 
must  nearly  counterbalance  the  amount 
of  subsidence.  But  this  same  movement 
of  subsidence  will  tend  to  submerge  the 
area  whence  the  sediment. is  derived,  and 
thus  diminish  the  supply,  while  the  down- 
ward movement  continues.  In  fact,  this 
nearly  exact  balancing  between  the  sup- 
ply of  sediment  and  the  amount  of  subsi- 


dence is  probably  a  rare 
for  it  has  been  observed 


contingency  ; 
by  more  than 


one  paleontologist,  that  very  thick  de- 
posits are  usually  barren  of  organic  re- 
mains, except  near  their  upper  or  lower 
limits. 

535.  It  would  seem  that  each  separate 
formation,  like  the  whole  pile  of  forma- 
tions in  any  country,  has  generally  been 
intermittent  in  its  accum  ulation.  When 
we  see,  as  is  so  often  the  case,  a  forma- 
tion composed  of  beds  of  widely  different 
mineralogical  composition,  we  may  rea- 
sonably suspect  that  the  process  of  de- 
position has  been  more  or  less  interrupted. 
Nor  will  the  closest  inspection  of 
formation  give  us  any  idea  of  the  length 
of  time  which  its  deposition  may  have 
consumed.  Many  instances  could  be 
given  of  beds  only  a  few  feet  in  thickness 
representing  formations,  which  are  else- 
where thousands  of  feet  in  thickness,  and 
which  must  have  required  an  enormous 
period  for  their  accumulation  ;  yet  no  one 
ignorant  of  this  fact  would  have  even  sus- 
pected the  vast  lapse  of  time  represented 
by  the  thinner  formation.  Many  cases 


could  be  given  of  the  lower  beds  of  a 
•ormation  having  been  upraised,  denuded, 
ubmerged,  and  then  re-covered  by  the 
upper  beds  of  the  same  formation, — facts, 
showing  what  wide,  yet  easily  overlooked, 
ntervals  have  occurred  in  its  accumula- 
:ion.  In  other  cases  we  have  the  plainest 
evidence  in  great  fossilized  trees,  still 
standing  upright  as  they  grew,  of  many 
long  intervals  of  time  and  changes  of 
level  during  the  process  of  deposition, 
which  would  not  have  been  suspected, 
had  not  the  trees  been  preserved :  thus 
Sir  C.  Lyell  and  Dr.  Dawson  found  car- 
boniferous beds  1400  feet  thick  in  Nova 
Scotia,  with  ancient  root-bearing  strata, 
one  above  the  other  at  no  less  than  sixty- 
eight  different  levels.  Hence,  when  the 
same  species  occurs  at  the  bottom,  mid- 
dle, and  top  of  a  formation,  the  proba- 
bility is  that  it  has  not  lived  on  the  same 
spot  during  the  whole  period  of  deposi- 
tion, but  has  disappeared  and  re-appeared, 
perhaps  many  times,  during  the  same 
geological  period.  Consequently  if  it 
were  to  undergo  a  considerable  amount 
of  modification  during  the  deposition  of 
any  one  geological  formation,  a  section 
would  not  include  all  the  fine  intermedi- 
ate gradations  which  must  on  our  theory 
have  existed,  but  abrupt,  though  perhaps 
slight,  changes  of  form. 

536.  It  is  all-important  to  remember 
that  naturalists  have  no  golden  rule  by 
which  to  distinguish  species  and  varieties ; 
they  grant  some  little  variability  to  each 
species,  but  when  they  meet  with  a  some- 
what greater  amount  of  difference  be- 
tween any  two  forms,  they  rank  both  as 
species,  unless  they  are  enabled  to  con- 
nect them  together  by  the  closest  inter- 
mediate gradations ;  and  this,  from  the 
reasons  just  assigned,  we  can  seldom 
hope  to  effect  in  any  one  geological 
section.  Supposing  B  and  C  to  be  two 
species,  and  a  third,  A,  to  be  found  in  an 
older  and  underlying  bed  ;  even  if  A  were 
strictly  intermediate  between  B  and  C,  it 
would  simply  be  ranked  as  a  third  and 
distinct  species,  unless  at  the  same  time 
it  could  be  closely  connected  by  interme- 
diate varieties  with  either  one  or  both 
forms.  Nor  should  it  be  forgotten,  as 
before  explained,  that  A  might  be  the 
actual  progenitor  of  B  and  C,  and  yet 
would  not  necessarily  be  strictly  interme- 
diate between  them  in  all  respects.  So 
that  we  might  obtain  the  parent-species 
and  its  several  modified  descendants  from 
the  lower  and  upper  beds  of  the  same 
formation,  and  unless  we  obtain  numer- 
ous transitional  gradations,  we  should 
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not  recognize  their  blood-relationship, 
and  should  consequently  rank  them  as 
distinct  species. 

537.  It  is  notorious  on  what  excessively 
slight  differences  many  paleontologists 
have  founded  their  species  ;  and  they  do 
this  the  more  readily  if  the  specimens  come 
from   different  sub-stages  of  the   same 
formation.    Some  experienced  concholo- 

fists  are  now  sinking  many  of  the  very 
ne  species  of  D'Orbigny  and  others  into 
the  rank  of  varieties;  and  on  this  view 
we  do  find  the  kind  of  evidence  of  change 
which  on  the  theory  we  ought  to  find. 
Look  again  at  the  later  tertiary  deposits, 
which  include  many  shells  believed  by 
the  majority  of  naturalists  to  be  identical 
with  existing  species ;  but  some  excellent 
naturalists,  as  Agassiz  and  Pictet,  main- 
tain that  all  these  tertiary  species  are 
specifically  distinct,  though  the  distinction 
is  admitted  to  be  very  slight ;  so  that 
here,  unless  we  believe  that  these  eminent 
naturalists  have  been  misled  by  their 
imaginations,  and  that  these  late  tertiary 
species  really  present  no  difference  what- 
ever from  their  living  representatives,  or 
unless  we  admit,  in  opposition  to  the 
judgment  of  most  naturalists,  that  these 
tertiary  species  are  all  truly  distinct  from 
the  recent,  we  have  evidence  of  the  fre- 
quent occurrence  of  slight  modifications 
of  the  kind  required.  If  we  look  to 
rather  wider  intervals  of  time,  namely,  to 
distinct  but  consecutive  stages  of  the 
same  great  formation,  we  find  that  the 
embedded  fossils,  though  universally 
ranked  as  specifically  different,  yet  are 
far  more  closely  related  to  each  other 
than  are  the  species  found  in  more  widely 
separated  formations  ;  so  that  here  again 
we  have  undoubted  evidence  of  change 
in  the  direction  required  by  the  theory ; 
but  to  this  latter  subject  I  shall  return  in 
the  following  chapter. 

538.  With    animals    and-  plants    that 
propagate  rapidly   and   do  not  wander 
much,  there  is  reason  to  suspect,  as  we 
have  formerly  seen,  that  their  varieties  are 
generally  at  first  local ;  and  that  such  local 
varieties  do  not  spread  widely  and  sup- 
plant their  parent-forms  until  they  have 
been  modified  and  perfected  in  some  con- 
siderable degree.     According  to  this  view, 
the  chance  of  discovering  in  a  formation  in 
any  one  country  all  the  early  stages  ol 
transition    between   any    two    forms,   is 
small,  for  the  successive  changes  are  sup- 
posed to  have  been  local  or  confined  to 
some   one   spot.     Most  marine  animal: 
have  a  wide  range ;  and  we  have  seen 
that  with  plants  it  is  those  which  have 


the  widest  range,  that  oftenest  present 
varieties;  so  that,  with  shells  and  other 
marine  animals,  it  is  probable  that  those 
which  had  the  widest  range,  far  exceeding 
the  limits  of  the  known  geological  forma- 
tions of  Europe,  have  oftenest  given  rise, 
iirst  to  local  varieties  and  ultimately  to 
new  species ;  and  this  again  would 
greatly  lessen  the  chance  of  our  being 
able  to  trace  the  stages  of  transition  in 
any  one  geological  formation. 

539.  It  is  a  more  important  considera- 
tion, leading  to  the  same  result,  as  lately 
insisted  on  by  Dr.  Falconer,  namely,  that 
the   period   during  which   each    species 
underwent  modification,  though  long  as 
measured  by  years,  was  probably  short 
in  comparison  with  that  during  which  it 
remained  without  undergoing  any  change. 

540.  It  should  not  be  forgotten,  that  at 
the  present  day,  with  perfect  specimens 
for  examination,  two  forms  can  seldom 
be  connected  by  intermediate  varieties, 
and  thus  proved  to  be  the  same  species, 
until  many  specimens  are  collected  from 
many  places ;  and  with  fossil  species  this 
can  rarely  be  done.     We  shall,  perhaps, 
best  perceive   the   improbability   of   our 
being  enabled  to  connect  species  by  nu- 
merous,  fine,   intermediate,  fossil   links, 
by  asking  ourselves  whether,  for  instance, 
geologists  at  some  future  period  will  be 
able  to  prove  that  our  different  breeds  of 
cattle,  sheep,  horses,  and  dogs  are  de- 
scended from   a  single   stock    or    from 
several     aboriginal     stocks ;    or,     again, 
whether  certain  sea-shells  inhabiting  the 
shores    of    North    America,   which    are 
ranked  by  some  conchologists  as  distinct 
species  from  their  European  representa- 
tives, and  by  other  conchologists  as  only 
varieties,  are  really  varieties,  or  are,  as  it 
is  called,  specifically  distinct.     This  could 
be  effected  by  the  future  geologist  only 
by  his  discovering  in  a  fossil  state  nu- 
merous    intermediate    gradations ;    and 
such  success  is  improbable  in  the  highest 
degree. 

541.  It  has  been  asserted    over  and 
over  again,  by  writers  who  believe  in  the 
immutability    of    species,    that    geology 
yields  no  linking  forms.     This  assertion, 
as  we  shall  see  in  the  next  chapter,  is 
certainly  erroneous.     As  Sir  J.  Lubbock 
has  remarked,  "  Every  species  is  a  link 
between  other  allied  forms."     If  we  take 
a  genus  having  a  score  of  species,  recent 
and  extinct,  and   destroy   four-fifths  of 
them,  no  one  doubts  that  the  remainder 
will  stand  much  more  distinct  from  each 
other.     If  the  extreme  forms  in  the  genus 
happen  to  have  been  thus  destroyed,  the 
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genus  itself  will  stand  more  distinct  from 
each  other.  If  the  extreme  forms  in  the 
genus  happen  to  have  been  thus  de- 
stroyed, the  genus  itself  will  stand  more 
distinct  from  other  allied  genera.  What 
geological  research  has  not  revealed,  is 
the  former  existence  of  infinitely  numer- 
ous gradations,  as  fine  as  existing  varie- 
ties, connecting  together  nearly  all  exist- 
ing and  extinct  species.  But  this  ought 
not  to  be  expected  ;  yet  this  has  been  re- 
peatedly advanced  as  a  most  serious 
objection  against  my  views. 

542.  It  may  be  worth  while  to  sum  up 
the  foregoing  remarks  on  the  causes  of 
the  imperfection  of  the  geological  record 
under    an    imaginary    illustration.     The 
Malay  Archipelago  is  about  the  size  of 
Europe  from  the   North    Cape    to    the 
Mediterranean;    and    from    Britain    to 
Russia;    and   therefore    equals    all    the 
geological  formations  which  have  been 
examined  with  any  accuracy,  excepting 
those  of  the  United  States  of  America. 
I  fully  agree  with  Mr.   Godwin- Austen, 
that  the  present  condition  of  the  Malay 
Archipelago,   with    its    numerous    large 
islands  separated  by  wide  and  shallow 
seas,    probably    represents    the    former 
state  of  Europe,  while  most  of  our  for- 
mations were  accumulating.     The  Malay 
Archipelago  is  one  of  the  richest  regions 
in  organic  beings ;  yet  if  all  the  species 
were  to  be  collected  which  have  ever 
lived  there,  how  imperfectly  would  they 
represent    the    natural    history    of    the 
world ! 

543.  But  we  have  every  reason  to  be- 
lieve   that  the  terrestrial  productions  of 
the  archipelago  would  be  preserved  in  an 
extremely  imperfect  manner  in  the  for- 
mations which  we  suppose  to  be  there 
accumulating.     Not  many  of  the  strictly 
littoral  animals,  or  of  those  which  lived 
on  naked  submarine  rocks,  would  be  em- 
bedded ;  and  those  embedded  in  gravel 
or  sand  would  not  endure  to   a  distant 
epoch.     Wherever  sediment  did  not  ac- 
cumulate on  the  bed  of  the  sea,  or  where 
it  did  not  accumulate  at  a  sufficient  rate 
to  protect  organic  bodies  from  decay,  no 
remains  could  be  preserved. 

544.  Formations  rich  in  fossils  of  many 
kinds,  and  of  thickness  sufficient  to  last 
to  an  age  as  distant  in  futurity  as  the  sec- 
ondary formations  lie  in  the  past,  would 
generally  be  formed  in   the   archipelago 
only  during  periods  of  subsidence.    These 
periods  of  subsidence  would  be  separated 
from  each  other  by  immense  intervals  of 
time,  during  which   the   area  would  be 
either  stationary  or  rising;  while  rising, 


the  fossiliferous  formations  on  the  steeper 
shores  would  be  destroyed,  almost  as 
soon  as  accumulated,  by  the  incessant 
coast-action,  as  we  now  see  on  the  shores 
of  South  America.  Even  throughout  the 
extensive  and  shallow  seas  within  the 
archipelago,  sedimentary  beds  could 
hardly  be  accumulated  of  great  thickness 
during  the  periods  of  elevation,  or  become 
capped  and  protected  by  subsequent  de- 
posits, so  as  to  have  a  good  chance  of 
enduring  to  a  very  distant  future.  Dur- 
ing the  periods  of  subsidence,  there  would 
probably  be  much  extinction  of  life ;  dur- 
ing the  periods  of  elevation,  there  would 
be  much  variation,  but  the  geological 
record  would  then  be  less  perfect. 

545.  It  may  be  doubted   whether  the 
duration  of  any  one  great  period  of  sub- 
sidence over  the  whole  or  part  of  the 
archipelago,  together  with  a  contempora- 
neous accumulation  of  sediment,  would 
exceed  the  average  duration  of  the  same 
specific  forms;  and  these  contingencies 
are  indispensable  for  the  preservation  of 
all   the  transitional   gradations  between 
any  two  or  more  species.     If  such  grada- 
tions were  not  all  fully  preserved,  transi- 
tional varieties  would  merely  appear  as 
so  many  new,  though  closely  allied  spe- 
cies.    It  is  also  probable  that  each  great 
period  of  subsidence  would  be  interrupted 
by  oscillations  of  level,   and  that   slight 
climatal  changes  would  intervene  during 
such  lengthy  periods ;  and  in  these  cases 
the  inhabitants  of  the  archipelago  would 
migrate,  and  no  closely  consecutive  record 
of  their  modifications  could  be  preserved 
in  any  one  formation. 

546.  Very  many  of  the  marine  inhab- 
itants of  the  archipelago  now  range  thou- 
sands of  miles  beyond  its  confines ;  and 
analogy  plainly  leads  to  the  belief  that  it 
would  be  chiefly  these  far-ranging  spe- 
cies, though  only  some  of  them,  which 
would   oftenest  produce   new  varieties ; 
and  the  varieties  would  at  first  be  local 
or  confined  to  one  place,  but  if  possessed 
of  any  decided  advantage,  or  when  further 
modified  and  improved,  they  would  slowly- 
spread  and  supplant  their  parent-forms. 
When  such  varieties  returned  to  their  an- 
cient homes,  as  they  would  differ  from 
their   former   state   in  a  nearly  uniform, 
though  perhaps  extremely  slight  degree, 
and  as  they  would  be  found  embedded 
in  slightly  different  sub-stages  of  the  same 
formation,  they  would,  according  to  the 
principles  followed  by  many  paleontolo- 
gists, be  ranked  as  new  and  distinct  spe- 
cies. 

547.  If  then  there  be  some  degree  of 
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truth  in  these  remarks,  we  have  no  right 
to  expect  to  find,  in  our  geological  forma- 
tions, an  infinite  number  of  those  fine 
transitional  forms  which,  on  our  theory, 
have  connected  all  the  past  and  present 
species  of  the  same  group  into  one  long 
and  branching  chain  of  life.  We  ought 
only  to  look  for  a  few  links,  and  such  as- 
suredly we  do  find — some  more  distinct- 
ly, some  more  closely,  related  to  each 
other ;  and  these  links,  let  them  be  ever 
so  close,  if  found  in  different  stages  of 
the  same  formation,  would,  by  many  pa- 
leontologists, be  ranked  as  distinct  spe- 
cies. But  I  do  not  pretend  that  I  should 
ever  have  suspected  how  poor  was  the 
record  in  the  best  preserved  geological 
sections,  had  not  the  absence  of  innumer- 
able transitional  links  between  the  spe- 
cies which  lived  at  the  commencement 
and  close  of  each  formation,  pressed  so 
hardly  on  my  theory. 

On  the    sudden    Appearance    of  whole 
Groups  of  allied  Species. 

548.  The  abrupt  manner  in  which 
whole  groups  of  species  suddenly  appear 
in  certain  formations,  has  been  urged  by 
several  paleontologists — for  instance,  by 
Agassiz,  Pictet,  and  Sedgwick — as  a  fatal 
objection  to  the  belief  in  the  transmuta- 
tion of  species.  If  numerous  species,  be- 
longing to  the  same  genera  or  families, 
have  really  started  into  life  at  once,  the 
fact  would  be  fatal  to  the  theory  of  evolu- 
tion .through  natural  selection.  For  the 
development  by  this  means  of  a  group  of 
forms,  all  of  which  are  descended  from 
some  one  progenitor,  must  have  been  an 
extremely  slow  process  ;  and  the  progen- 
itors must  have  lived  long  before  their 
modified  descendants.  But  we  continu- 
ally overrate  the  perfection  of  the  geolog- 
ical record,  and  falsely  infer,  because  cer- 
tain genera  or  families  have  not  been 
found  beneath  a  certain  stage,  that  they 
did  not  exist  before  that  stage.  In  all 
cases  positive  paleontological  evidence 
may  be  implicitly  trusted ;  negative  evi- 
dence is  worthless,  as  experience  has  so 
often  shown.  We  continually  forget  how 
large  the  world  is,  compared  with  the  area 
over  which  our  geological  formations 
have  been  carefully  examined  ;  we  forget 
that  groups  of  species  may  elsewhere 
have  long  existed,  and  have  slowly  multi- 
plied, before  they  invaded  the  ancient 
archipelagoes  of  Europe  and  the  United 
States.  We  do  not  make  due  allowance 
for  the  intervals  of  time  which  have 
elapsed  between  our  consecutive  forma- 


tions,— longer  perhaps  in  many  cases  than 
the  time  required  for  the  accumulation 
of  each  formation.  These  intervals  will 
have  given  time  for  the  multiplication  of 
species  from  some  one  parent-form ;  and 
in  the  succeeding  formation,  such  groups 
or  species  will  appear  as  if  suddenly  cre- 
ated. 

549.  I  may  here  recall  a  remark  for- 
merly made,  namely,  that  it  might  require 
a  long  succession  of  ages  to  adapt  an  or- 
ganism to  some  new  and  peculiar  line  of 
life,  for  instance,  to  fly  through  the  air ; 
and  consequently  that  the  transitional 
forms  would  often  long  remain  confined 
to  some  one  region ;  but  that,  when  this 
adaptation  had  once  been  effected,  and  a 
few  species  had  thus  acquired  a  great  ad- 
vantage over  other  organisms,  a  compar- 
atively short  time  would  be  necessary  to 
produce  many  divergent  forms,  which 
would  spread  rapidly  and  widely  through- 
out the  world.  Professor  Pictet,  in  his 
excellent  Review  of  this  work,  in  com- 
menting on  early  transitional  forms,  and 
taking  birds  as  an  illustration,  cannot  see 
how  the  successive  modifications  of  the 
anterior  limbs  of  a  supposed  prototype 
could  possibly  have  been  of  any  advan- 
tage. But  look  at  the  penguins  of  the 
Southern  Ocean ;  have  -not  these  birds 
their  front  limbs  in  this  precise  interme- 
diate state  of  "  neither  true  arms  nor  true 
wings"?  Yet  these  birds  hold  their 
place  victoriously  in  the  battle  for  life ; 
for  they  exist  in  infinite  numbers  and  of 
many  kinds.  I  do  not  suppose  that  we 
here  see  the  real  transitional  grades 
through  which  the  wings  of  birds  have 
passed ;  but  what  special  difficulty  is 
there  in  believing  that  it  might  profit  the 
modified  descendants  of  the  penguin, 
first  to  become  enabled  to  flap  along  the 
surface  of  the  sea  like  the  logger-headed 
duck,  and  ultimately  to  rise  from  its  sur- 
face and  glide  through  the  air  ? 

550.'  I  will  give  a  few  examples  to  illus- 
trate the  foregoing  remarks,  and  to  show 
how  liable  we  are  to  error  in  supposing 
that  whole  groups  of  species  have  sud- 
denly been  produced.  Even  in  so  short 
an  interval  as  that  between  the  first  and 
second  editions  of  Pictet 's  great  work  on 
Paleontology,  published  in  1844-46  and 
in  1853-57,  the  conclusions  on  the  first 
appearance  and  disappearance  of  several 
groups  of  animals  have  been  considerably 
modified ;  and  a  third  edition  would  re- 
quire still  further  changes.  I  may  recall 
the  well-known  fact  that  in  geological 
treatises,  published  not  many  years  ago, 
mammals  were  always  sjooken  of  as  hav- 
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ing  abruptly  come  in  at  the  commence- 
ment of  the  tertiary  series.  And  now 
one  of  the  richest  known  accumulations 
of  fossil  mammals  belongs  to  the  middle 
of  the  secondary  series ;  and  true  mam- 
mals have  been  discovered  in  the  new  red 
sandstone  at  nearly  the  commencement 
of  this  great  series.  Cuvier  used  to  urge 
that  no  monkey  occurred  in  any  tertiary 
stratum ;  but  now  extinct  species  have 
been  discovered  in  India,  South  America, 
and  in  Europe,  as  far  back  as  the  mio- 
cene  stage.  Had  it  not  been  for  the 
rare  accident  of  the  preservation  of  foot- 
steps in  the  new  red  sandstone  of  the 
United  States,  who  would  have  ventured 
to  suppose  that  no  less  than  at  least  thirty 
different  bird-like  animals,  some  of  gigan- 
tic size,  existed  during  that  period  ?  Not 
a  fragment  of  bone  has  been  discovered 
in  these  beds.  Not  long  ago,  paleontol- 
ogists maintained  that  the  whole  class  of 
birds  came  suddenly  into  existence  during 
the  eocene  period  ;  but  now  we  know,  on 
the  authority  jf  Professor  Owen,  that  a 
bird  certain^  lived  during  the  deposition 
of  the  uppe/  greensand ;  and  still  more 
recently,  that  strange  bird,  the  Archeop- 
teryx,  with  a  long  lizard-like  tail,  bearing 
a  pair  of  feathers  on  each  joint,  and  with 
its  wings  furnished  with  two  free  claws, 
has  been  discovered  in  the  oolitic  slates 
of  Solenhofen.  Hardly  any  recent  dis- 
covery shows  more  forcibly  than  this, 
how  little  we  as  yet  know  of  the  former 
inhabitants  of  the  world. 

551.  I  may  give  another  instance, 
which,  from  having  passed  under  my  own 
eyes,  has  much  struck  me.  In  a  memoir 
on  Fossil  Sessile  Cirripedes,  I  stated  that, 
from  the  large  number  of  existing  and 
extinct  tertiary  species  ;  from  the  extraor- 
dinary abundance  of  the  individuals  of 
many  species  all  over  the  world,  from  the 
Arctic  regions  to  the  equator,  inhabiting 
various  zones  of  depths  from  the  'upper 
tidal  limits  to  50  fathoms ;  from  the  per- 
fect manner  in  which  specimens  are  pre- 
served in  the  oldest  tertiary  beds;  from 
the  case  with  which  even  a  fragment  of  a 
valve  can  be  recognized ;  from  all  these 
circumstances,  I  inferred  that,  had  sessile 
cirripedes  existed  during  the  secondary 
periods,  they  would  certainly  have  been 
preserved  and  discovered ;  and  as  not  one 
species  had  then  been  discovered  in  beds 
of  this  age,  I  concluded  that  this  great 
group  had  been  suddenly  developed  at 
the  commencement  of  the  tertiary  series. 
This  was  a  sore  trouble  to  me,  adding  as 
I  then  thought  one  more  instance  of  the 
abrupt  appearance  of  a  great  group  of 


species.  But  my  work  had  hardly  been 
published,  when  a  skillful  paleontologist, 
M.  Bosquet,  sent  me  a  drawing  of  a  per- 
fect specimen  of  an  unmistakable  sessile 
cirripede,  which  he  had  himself  extracted 
from  the  chalk  of  Belgium.  And,  as  if 
to  make  the  case  as  striking  as  possible, 
this  cirripede  was  a  Chthamalus,  a  very 
common,  large,  and  ubiquitous  genus,  of 
which  not  one  species  has  as  yet  been 
found  even  in  any  tertiary  stratum.  Still 
more  recently,  a  Pyrgoma,  a  member  of  a 
distinct  sub-family  of  sessile  cirripedes, 
has  been  discovered  by  Mr.  Woodward 
in  the  upper  chalk ;  so  that  we  now  have 
abundant  evidence  of  the  existence  of  this 
group  of  animals  during  the  "scondary 
period. 

552.  The  case  most  frequently  insisted 
on  by  paleontolpgists  of  the  apparently 
sudden  appearance  of  a  whole  group  of 
species,  is  that  of  the  teleostean  fishes, 
low  down,  according  to  Agassiz,  in  the 
Chalk  period.  This  group  includes  the 
large  majority  of  existing  species.  But 
certain  Jurassic  and  Triassic  forms  are 
now  commonly  admitted  to  be  teleostean ; 
and  even  some  paleozoic  forms  have  thus 
been  classed  by  one  high  authority.  If 
the  teleosteans  had  really  appeared  ?ud 
denly  in  the  northern  hemisphere  at  the 
commencement  of  the  chalk  formation, 
the  fact  would  have  been  highly  remark- 
able ;  but  it  would  not  have  formed  an  in- 
superable difficulty,  unless  it  could  like- 
wise have  been  shown  that  at  the  same 
period  the  species  were  suddenly  and 
simultaneously  developed  in  other  quar- 
ters of  the  world.  It  is  almost  superflu- 
ous to  remark  that  hardly  any  fossil-fish 
are  known  from  south  of  the  equator; 
and  by  running  through  Pictet's  Paleon- 
tology it  will  be  seen  that  very  few  spe- 
cies are  known  from  several  formations 
in  Europe.  Some  few  families  of  fish 
now  have  a  confined  range ;  the  teleos- 
tean fishes  might  formerly  have  had  a 
similarly  confined  range,  and  after  having 
been  largely  developed  in  some  one  sea, 
have  spread  widely.  Nor  have  we  any 
right  to  suppose  that  the  seas  of  the 
world  have  always  been  so  freely  open 
from  south  to  north  as  they  are  at  pres- 
ent. Even  at  this  day,  if  the  Malay  Ar- 
chipelago were  converted  into  land,  the 
tropical  parts  of  the  Indian  Ocean  would 
form  a  large  and  perfectly  enclosed  basin, 
in  which  any  great  group  of  marine  animals 
might  be  multiplied  ;  and  here  they  would 
remain  confined,  until  some  of  the  species 
became  adapted  to  a  cooler  climate,  and 
were  enabled  to  double  the  Southern 
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capes  of  Africa  or  Australia,  and  thus 
reach  other  and  distant  seas. 

553.  From  these  considerations,  from 
our  ignorance  of  the  geology  of  other 
countries  beyond  the  confines  of  Europe 
and  the  United  States,  and  from  the  rev- 
olution in  our  paleontological  knowledge 
effected  by  the   discoveries   of  the  last 
dozen  years,  it  seems  to  me  to  be  about 
as  rash  to  dogmatize  on  the  succession 
of  organic  forms  throughout  the  world, 
as  it  would  be  for  a  naturalist  to  land  for 
five  minutes  on  a  barren  point  in  Austra- 
lia, and  then  to  discuss  the  number  and 
range  of  its  productions. 

On  the  sudden  Appearance  of  Groups  of 
allied  Species  in  the  lowest  known  Fos- 
siliferous  Strata. 

554.  There  is  another  and  allied  diffi- 
culty, which   is  much   more   serious.     I 
allude  to  the  manner  in  which  species  be- 
longing to  several  of  the  main  divisions 
of  the  animal  kingdom  suddenly  appear 
in  the  lowest  known  fossiliferous  rocks. 
Most  of  the  arguments  which  have  con- 
vinced me  that  all  the  existing  species  of 
the  same  group  are  descended  from  a 
single  progenitor,  apply  with  equal  force 
to   the  earliest  known  species.     For  in- 
stance, it  cannot  be  doubted  that  all  the 
Cambrian  and  Silurian  trilobites  are  de- 
scended from  some  orie  crustacean,  which 
must  have  lived  long  before  the  Cambrian 
age,  and  which  probably  differed  greatly 
from  any  known  animal.     Some  of  the 
most  ancient   animals,  as  the  Nautilus, 
Lingula,  etc.,  do  not  differ  much  from 
living  species  ;  and  it  cannot  on  our  the- 
ory be  supposed,  that  these  old  species 
were  the  progenitors  of  all  the  species 
belonging  to  the  same  groups  which  have 
subsequently  appeared,  for  they  are  not 
in  any  degree  intermediate  in  character. 

555.  Consequently,    if    the    theory   be 
true,  it  is  indisputable   that  before   the 
lowest  Cambrian  stratum  was  deposited, 
long  periods  elapsed,  as  long  as,  or  prob- 
ably far  longer  than,  the  whole  interval 
from  the  Cambrian  age  to  the  present 
day ;  and  that  during  these  vast  periods 
the  world  swarmed  with  living  creatures. 
Here  we  encounter  a  formidable  objec- 
tion ;  for  it  seems  doubtful  whether  the 
earth,  in  a  fit  state  for  the  habitation  of 
living  creatures,  has  lasted  long  enough. 
Sir  W..   Thompson    concludes  that  the 
consolidation   of  the    crust    can  hardly 
have  occurred  less  than  20  or  more  than 
400  million  years  ago,  but  probably  not 
less  than  98  or  more  than  200  million 
years.     These  very  wide  limits  show  how 


doubtful  the  data  are ;  and  other  ele- 
ments may  have  hereafter  to  be  intro- 
duced into  the  problem.  Mr.  Croll  esti- 
mates that  about  60  million  years  have 
elapsed  since  the  Cambrian  period,  but 
this,  judging  from  the  small  amount  of 
organic  change  since  the  commencement 
of  the  Glacial  epoch,  appears  a  very  short 
time  for  the  many  and  great  mutations  of 
life,  which  have  certainly  occurred  since 
the  Cambrian  formation ;  and  the  pre- 
vious 140  million  years  can  hardly  be 
considered  as  sufficient  for  the  develop- 
ment of  the  varied  forms  of  life  which  al- 
ready existed  during  the  Cambrian  pe- 
riod. It  is,  however,  probable,  as  Sir 
William  Thompson  insists,  that  the  world 
at  a  very  early  period  was  subjected  to 
more  rapid  and  violent  changes  in  its 
physical  conditions  than  those  now  oc- 
curring ;  and  such  changes  would  have 
tended  to  induce  changes  at  a  corre- 
sponding rate  in  the  organisms  which 
then  existed. 

556.  To  the  question  why  we  do  not 
find  rich  fossiliferous  deposits  belonging 
to  these  assumed  earliest  periods  prior  to 
the  Cambrian  system,  I  can  give  no  sat- 
isfactory answer.  Several  eminent  geol- 
ogists, with  Sir  R.  Murchison  at  their 
head,  were  until  recently  convinced  that 
we  beheld  in  the  organic  remains  of  the* 
lowest  Silurian  stratum  the  first  dawn  of 
life.  Other  highly  competent  judges,  as 
Lyell  and  E.  Forbes,  have  disputed  this 
conclusion.  We  should  not  forget  that 
only  a  small  portion  of  the  world  is 
known  with  accuracy.  Not  very  long 
ago  M.  Barrande  added  another  and 
lower  stage,  abounding  with  new  and 
peculiar  species,  beneath  the  then  known 
Silurian  system ;  and  now,  still  lower 
down  in  the  Lower  Cambrian  formation, 
Mr.  Hicks  has  found  in  South  Wales 
beds  rich  in  trilobites,  and  containing  va- 
rious molluscs  and  annelids.  The  pres- 
ence of  phosphatic  nodules  and  bitumi- 
nous matter,  even  in  some  of  the  lowest 
azoic  rocks,  probably  indicates  life  at 
these  periods ;  and  the  existence  of  the 
Eozoon  in  the  Laurentian  formation  of 
Canada  is  generally  admitted.  There 
are  three  great  series  of  strata  beneath 
the  Silurian  system  in  Canada,  in  the 
lowest  of  which  the  Eozoon  is  found. 
Sir  W.  Logan  states  that  their  "united 
thickness  may  possibly  far  surpass  that 
of  all  the  succeeding  rocks,  from  the  base 
of  the  paleozoic  series  to  the  present 
time.  We  are  thus  carried  back  to  a  pe- 
riod so  remote,  that  the  appearance  of  the 
so-called  Primordial  fauna  (of  Barrande) 
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may  by  some  be  considered  as  a  compar- 
atively modern  event.  The  Eozoon  be- 
longs to  the  most  lowly  organized  of  all 
classes  of  animals,  but  is  highly  organized 
for  its  class ;  it  existed  in  countless  num- 
bers, and,  as  Dr.  Dawson  has  remarked, 
certainly  preyed  on  other  minute  organic 
beings,  which  must  have  lived  in  great 
numbers.  Thus  the  words,  which  I 
wrote  in  1859,  about  the  existence  of  liv- 
ing beings  long  before  the  Cambrian  pe- 
riod, and  which  are  almost  the  same 
with  those  since  used  by  Sir  W.  Logan, 
have  proved  true.  Nevertheless,  the  dif- 
ficulty of  assigning  any  good  reason  for 
the  absence  of  vast  piles  of  strata  rich  in 
fossils  beneath  the  Cambrian  system  is 
very  great.  It  does  not  seem  probable 
that  the  most  ancient  beds  have  been 
quite  worn  away  by  denudation,  or  that 
their  fossils  have  been  wholly  obliterated 
by  metamorphic  action,  for  if  this  had 
been  the  case  we  should  have  found  only 
small  remnants  of  the  formations  next 
succeeding  them  in  age,  and  these  would 
always  have  existed  in  a  partially  meta- 
morphosed condition.  But  the  descrip- 
tions which  we  possess  of  the  Silurian 
deposits  over  immense  territories  in  Rus- 
sia and  in  North  America,  do  not  support 
the  view,  that  the  older  a  formation  is, 
the  more  invariably  it  has  suffered  ex- 
treme denudation  and  metamorphism. 

557.  The  case  at  present  must  remain 
inexplicable  ;  and  may  be  truly  urged  as 
a  valid  argument  against  the  views  here 
entertained.     To  show  that  it  may  here- 
after receive    some    explanation,   I   will 
give  the  following  hypothesis.     From  the 
nature  of  the  organic  remains  which  do 
not  appear  to  have  inhabited  profound 
depths,    in    the    several    formations    of 
Europe  and  of  the  United  States;  and 
from  the  amount  of  sediment,  miles  in 
thickness,  of  which  the  formations  are 
composed,  we  may  infer  that  from  first 
to  last  large  islands  or  tracts  of  land, 
whence  the   sediment  was  derived,  oc- 
curred in  the  neighborhood  of  the  now 
existing  continents  of  Europe  and  North 
America.      This    same  view  has    since 
been  maintained  by  Agassiz  and  others. 
But  we  do  not  know  what  was  the  state 
of  things  in  the   intervals  between  the 
several    successive    formations;  whether 
Europe  and   the   United   States  during 
these  intervals  existed  as  dry  land,  or  as 
a  submarine  surface  near  land,  on  which 
sediment  was  not  deposited,  or  as  the 
bed  of  an  open  and  unfathomable  sea. 

558.  Looking  to  the  existing  oceans, 
which  are  thrice  as  extensive  as  the  land, 


we  see  them  studded  with  many  islands ; 
but  hardly  one  truly  oceanic  island  (with 
the  exception  of  New  Zealand,  if  this  can 
be  called  a  truly  oceanic  island)  is  as 
yet  known  to  afford  even  a  remnant  of 
any  paleozoic  or  secondary  formation. 
Hence  we  may  perhaps  infer,  that  during 
the  paleozoic  and  secondary  periods, 
neither  continents  nor  continental  islands 
existed  where  our  oceans  now  extend ; 
for  had  they  existed,  paleozoic  and  sec- 
ondary formations  would  in  all  probabil- 
ity have  been  accumulated  from  sediment 
derived  from  their  wear  and  tear;  and 
these  would  have  been  at  least  partially 
upheaved  by  the  oscillations  of  level, 
which  must  have  intervened  during  these 
enormously  long  periods.  If  then  we 
may  infer  anything  from  these  facts,  we 
may  infer  that,  where  our  oceans  now  ex- 
tend, oceans  have  extended  from  the  re- 
motest period  of  which  we  have  any 
record;  and  on  the  Nother  hand,  that 
where  continents  now  exist,  large  tracts 
of  land  have  existed,  subjected  no  doubt 
to  great  oscillations  of  level,  since  the 
Cambrian  period.  The  colored  map  ap- 
pended to  my  volume  on  Coral  Reefs, 
led  me  to  conclude  that  the  great  oceans 
are  still  mainly  areas  of  subsidence,  the 
great  archipelagoes  still  areas  of  oscilla- 
tions of  level,  and  the  continents  areas  of 
elevation.  But  we  have  no  reason  to  as- 
sume that  things  have  thus  remained 
from  the  beginning  of  the  world.  Our 
continents  seem  to  have  been  formed  by 
a  preponderance,  during  many  oscilla- 
tions of  level,  of  the  force  of  elevation ; 
but  may  not  the  areas  of  preponderant 
movement  have  changed  in  the  lapse  of 
ages?  At  a  period  long  antecedent  to 
the  Cambrian  epoch,  continents  may 
have  existed  where  oceans  are  now 
spread  out ;  and  clear  and  open  oceans 
may  have  existed  where  our  continents 
now  stand.  Nor  should  we  be  justified 
in  assuming  that  if,  for  instance,  the  bed 
of  the  Pacific  Ocean  were  now  converted 
into  a  continent  we  should  there  find 
sedimentary  formations  in  a  recognizable 
condition  older  than  the  Cambrian  strata, 
supposing  such  to  have  been  formerly 
deposited ;  for  it  might  well  happen  that 
strata  which  had  subsided  some  miles 
nearer  to  the  center  of  the  earth,  and 
which  had  been  pressed  on  by  an  enor- 
mous weight  of  superincumbent  water, 
might  have  undergone  far  more  meta- 
morphic action  than  strata  which  have 
always  remained  nearer  to  the  surface. 
The  immense  areas  in  some  parts  of  the 
world,  for  instance  in  South  America,  of 
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naked  metamorphic  rocks,  which  must 
have  been  heated  under  great  pressure, 
have  always  seemed  to  me  to  require 
some  special  explanation;  and  we  may 
perhaps  believe  that  we  see  m  these  large 
areas,  the  many  formations  long  anterior 
to  the  Cambrian  epoch  in  a  completely 
metamorphosed  and  denuded  condition. 

559.  The  several  difficulties  here  dis- 
cussed, namely— that,  though  we  find  in 
our  geological  formations  many  links  be- 
tween the  species  which  now  exist  and 
which  formerly  existed,  we  do  not  find 
infinitely  numerous  fine  transitional  forms 
closely  joining  them  all  together ;— the 
sudden  manner  in  which  several  groups 
of  species  first  appear  in  our  European 
formations  ; — the  almost  entire  absence, 
as  at  present  known,  of  formations  rich 
in  fossils  beneath  the  Cambrian  strata, — 
are  all  undoubtedly  of  the  most  serious 
nature.  We  see  this  in  the  fact  that  the 
most  eminent  paleontologists,  namely, 
Cuvier,  Agassiz,  Barrande,  Pictet,  Fal- 
coner, E.  Forbes,  etc.,  and  all  our  great- 
est geologists,  as  Lyell,  Murchison,  Sedg- 
wick,  etc.,  have  unanimously,  often  vehe- 
mently, maintained  the  immutability  of 
species.  But  Sir  Charles  Lyell  now  gives 
the  support  of  his  high  authority  to  the 
opposite  side ;  and  most  geologists  and 
paleontologists  are  much  shaken  in  their 
former  belief.  Those  who  believe  that 
the  geological  record  is  in  any  degree 
perfect,  will  undoubtedly  at  once  reject 
the  theory.  For  my  part,  following  out 
Lyell's  metaphor,  I  look  at  the  geological 
record  as  a  history  of  the  world  imper- 
fectly kept,  and  written  in  a  changing  dia- 
lect ;  of  this  history  we  possess  the  last 
volume  alone,  relating  only  to  two  or 
three  countries.  Of  this  volume,  only 
here  and  there  a  short  chapter  has  been 
preserved ;  and  of  each  page,  only  here 
and  there  a  few  lines.  Each  word  of  the 
slowly-changing  language,  more  or  less 
different  in  the  successive  chapters,  may 
represent  the  forms  of  life,  which  are  en- 
tombed in  our  consecutive  formations, 
and  which  falsely  appear  to  us  to  have 
been  abruptly  introduced.  On  this  view, 
the  difficulties  above  discussed  are  greatly 
diminished,  or  even  disappear. 


CHAPTER  XL 

ON  THE  GEOLOGICAL  SUCCESSION  OF 
ORGANIC   BEINGS. 

*^*  the  slow  and  successive  appearance  of  new  spe- 
cies—On their  different  rates  of  change— Spe- 


cies once  lost  do  not  re-appear— Groups  °f  spe- 


cies follow  the  same  general  rules  in  their  ap- 
pearance and  disappearance  as  do  single  species 
— On  extinction — On  simultaneous  changes  in 
the  forms  of  life  throughout  the  world — On  the 
affinities  of  extinct  species  to  each  other  and  to 
living  species — On  the  state  of  development  of 
ancient  forms — On  the  succession  of  the  same 
types  within  the  same  areas — Summary  of  pre- 
ceding and  present  chapter. 

560.  LET  us  now  see  whether  the  sev- 
eral facts  and  laws  relating  to  the  geo- 
ogical  succession  of  organic  beings  accord 
aest  with  the  common  view  of  the  immu- 
tability of  species,  or  with  that  of  their 
ilow  and  gradual  modification,  through 
variation  and  natural  selection. 

New  species  have  appeared  very  slowly, 
one  after  another,  both  on  the  land  and 
in  the  waters.  Lyell  has  shown  that  it  is 
hardly  possible  to  resist  the  evidence  on 
this  head  in  the  case  of  the  several  ter- 
tiary stages  ;  and  every  year  tends  to  fill 
up  the  blanks  between  the  stages,  and  to 
make  the  proportion  between  the  lost  and 
existing  forms  more  gradual.  In  some 
of  the  most  recent  beds,  though  undoubt- 
edly of  high  antiquity  if  measured  by 
years,  only  one  or  two  species  are  extinct, 
and  only  one  or  two  are  new,  having  ap- 
peared there  for  the  first  time,  either  lo- 
cally, or,  as  far  as  we  know,  on  the  face 
of  the  earth.  The  secondary  formations 
are  more  broken ;  but,  as  Bronn  has  re- 
marked, neither  the  appearance  nor  dis- 
appearance of  the  many  species  embedded 
in  each  formation  has  been  simultaneous. 

561.  Species  belonging  to  different  gen- 
era and  classes  have  not  changed  at  the 
same  rate,  or  in  the  same  degree.  In  the 
older  tertiary  beds  a  few  living  shells  may 
still  be  found  in  the  midst  of  a  multitude 
of  extinct  forms.  Falconer  has  given  a 
striking  instance  of  a  similar  fact,  for  an 
existing  crocodile  is  associated  with  many 
lost  mammals  and  reptiles  in  the  sub- 
Himalayan  deposits.  The  Silurian  Lin- 
gula  differs  but  little  from  the  living  spe- 
cies of  this  genus ;  whereas  most  of  the 
other  Silurian  Molluscs  and  all  the  Crus- 


taceans have  changed  greatly, 
ductions    of    the   land    seem 


The  pro- 
to    have 


Ifi2 


changed  at  a  quicker  rate  than  those  of 
the  sea,  of  which  a  striking  instance  has 
been  observed  in  Switzerland.  There  is 
some  reason  to  believe  that  organisms 
high  in  the  scale,  change  more  quickly 
than  those  that  are  low:  though  there 
are  exceptions  to  this  rule.  The  amount 
of  organic  change,  as  Pictet  has  re- 
marked, is  not  the  same  in  each  succes- 
sive so-called  formation.  Yet  if  we  com- 
pare any  but  the  most  closely  related 
formations,  all  the  species  will  be  found 
to  have  undergone  some  change,  When 
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a  species  has  once  disappeared  from  the 
face  of  the  earth,  we  have  no  reason  to 
believe  that  the  same  identical  form  ever 
reappears.  The  strongest  apparent  ex- 
ception to  this  latter  rule  is  that  of  the 
so-called  "  colonies "  of  M.  Barrande, 
which  intrude  for  a  period  in  the  midst  of 
an  older  formation,  and  then  allow  the 
pre-existing  fauna  to  reappear;  but 
Lyell's  explanation,  namely,  that  it  is  a 
case  of  temporary  migration  from  a  dis- 
tinct geographical  province,  seems  satis- 


factory. 

562.   These  several 


facts  accord  well 


with  our  theory,  which  includes  no  fixed 
law  of  development,  causing  all  the  in- 
habitants of  an  area  to  change  abruptly, 
or  simultaneously,  or  to  an  equal  degree. 
The  process  of  modification  must  be  slow, 
and  will  generally  affect  only  a  few  spe- 
cies at  the  same  time  ;  for  the  variability 
of  each  species  is  independent  of  that  of 
all  others.  Whether  such  variations  or 
individual  differences  as  -may  arise  will 
be  accumulated  through  natural  selection 
in  a  greater  or  less  degree,  thus  causing 
a  greater  or  less  amount  of  permanent 
modification,  will  depend  on  many  com- 
plex contingencies— on  the  variations  be- 
ing of  a  beneficial  nature,  on  the  freedom 
of  intercrossing,  on  the  slowly  changing 
physical  conditions  of  the  country,  on  the 
immigration  of  new  colonists,  and  on  the 
nature  of  the  other  inhabitants  with 
which  the  varying  species  come  into  com- 
petition. Hence  it  is  by  no  means  sur- 
prising that  one  species  should  retain  the 
same  identical  form  much  longer  than 
others  ;  or,  if  changing,  should  change  in 
a  less  degree.  We  find  similar  relations 
between  the  existing  inhabitants  of  dis- 
tinct countries ;  for  instance,  the  land- 
shells  and  coleopterous  insects  of  Ma- 
deira have  come  to  differ  considerably 
from  their  nearest  allies  on  the  continent 
of  Europe,  whereas  the  marine  shells  and 
birds  have  remained  unaltered.  We  can 
perhaps  understand  the  apparently 
quicker  rate  of  change  in  terrestrial  and 
in  more  highly  organized  productions 
compared  with  marine  and  lower  produc- 
tions, by  the  more  complex  relations  of 
the  higher  beings  to  their  organic  and  in- 
organic conditions  of  life,  as  explained  in 
a  former  chapter.  When  many  of  the 
inhabitants  of  any  area  have  become 
modified  and  improved,  we  can  under- 
stand, on  the  principle  of  competition, 
and  from  the  all-important  relations  of 
organism  to  organism  in  the  struggle  for 
iife,  that  any  form  which  did  not  become 
in  some  degree  modified  and  improved, 
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would  be  liable  to  extermination.  Hence 
we  see  why  all  the  species  in  the  same 
region  do  at  last,  if  we  look  to  long 
enough  intervals  of  time,  become  modi- 
fied, for  otherwise  they  would  become  ex- 
tinct. 

563.  In  members  of  the  same  class  the 
average  amount  of  change,  during  long 
and  equal  periods  of  time,  may,  perhaps, 
be  nearly  the  same ;  but  as  the  accum- 
ulation of  enduring  formations,  rich   in 
fossils,  depends  on  great  masses  of  sedi- 
ment being  deposited  on  subsiding  areas, 
our  formations  have  been  almost  neces- 
sarily accumulated  at  wide  and  irregularly 
intermittent  intervals    of    time ;    conse- 
quently the  amount  of  organic  change  ex- 
hibited by  the  fossils  embedded  in  con- 
secutive formations  is  not  equal.     Each 
formation,  on  this  view,  does  not  mark  a 
new  and  complete  act  of  creation,  but 
only  an  occasional  scene,  taken  almost  at 
hazard,    in    an    ever    slowly    changing 
drama. 

564.  We  can  clearly  understand  why 
a  species  when  once  lost  should  never  re- 
appear, even  if  the  very  same  conditions 
of  life,  organic  and  inorganic,  should  re- 
cur.    For  though  the  offspring  of  one 
species  might  be  adapted  (and  no  doubt 
this  has  occurred  in  innumerable  instan- 
ces) to  fill  the  place  of  another  species  in 
the  economy  of  nature,  and  thus  supplant 
it;  yet  the  two  forms — the  old  and  the 
new— would  not  be  identically  the  same  ; 
for  both  would  almost  certainly  inherit 
different  characters   from  their  distinct 
progenitors;  and  organisms  already  dif- 
fering would  vary  in  a  different  manner. 
For  instance,  it  is  possible,  if  all  our  fan- 
tail  pigeons  were  destroyed,  that  fanciers 
might  make  a  new  breed  hardly  distin- 
guishable from  the  present  breed  ;  but  if 
the  parent  rock-pigeon  were  likewise  de- 
stroyed, and  under  nature  we  have  every 
reason  to  believe  that  parent-forms  are 
generally  supplanted  and  exterminated  by 
their  improved  offspring,  it  is  incredible 
that  a  fantail,  identical  with  the  existing 
breed,  could  be  raised  from  any  other 
species  of  pigeon,  or  even  from  any  other 
well-established  race  of  the  domestic  pig- 
eon, for  the  successive  variations  would 
almost  certainly  be  in  some  degree  dif- 
ferent,   and    the    newly-formed    variety 
would  probably  inherit  from  its  progen- 
itor some  characteristic  differences. 

565.  Groups  of  species,  that  is,  genera 
and   families,   follow  the   same  general 
rules  in  their  appearance  and  disappear- 
ance as  do  single  species,  changing  more 
or  less  quickly,  and  in  a  greater  or  lesser 
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degree.  A  group,  when  it  has  once  dis- 
appeared, never  re-appears;  that  is,  its 
existence,  as  long  as  it  lasts,  is  continu- 
ous. I  am  aware  that  there  are  some 
apparent  exceptions  to  this  rule,  but  the 
exceptions  are  surprisingly  few,  so  few 
that  E.  Forbes,  Pictet,  and  Woodward 
(though  all  strongly  opposed  to  such 
views  as  I  maintain)  admit  its  truth ;  and 
the  rule  strictly  accords  with  the  theory. 
For  all  the  species  of  the  same  group, 
however  long  it  may  have  lasted,  are  the 
modified  descendants,  one  from  the 
other,  and  all  from  a  common  progenitor. 
In  the  genus  Lingula,  for  instance,  the 
species  which  have  successively  appeared 
at  all  ages  must  have  been  connected  by 
an  unbroken  series  of  generations,  from 
the  lowest  Silurian  stratum  to  the  present 
day. 

566.  We  have  seen  in  the  last  chapter 
that  whole  groups  of  species  sometimes 
falsely  appear  to  have  been  abruptly  de- 
veloped ;  and  I  have  attempted  to  give  an 
explanation  of  this   fact,  which  if    true 
would  be  fatal  to  my  views.     But  such 
cases  are  certainly  exceptional ;  the  gen- 
eral rule  being  a  gradual  increase  in  num- 
ber, until  the  group  reaches  its  maximum, 
and  then,  sooner  or  later,  a  gradual  de- 
crease.    If  the  number  of  the  species  in- 
cluded within  a  genus,  or  the  number  of 
the  genera  within  a  family,  be  represented 
by  a  vertical  line  of  varying  thickness,  as- 
cending through  the  successive  geological 
formations  in  which  the  species  are  found, 
the  line  will  sometimes  falsely  appear  to 
begin  at  its  lower  end,  not  in  a  sharp 
point,   but  abruptly ;    it  then  gradually 
thickens  upward,  often  keeping  of  equal 
thickness  for  a  space,  and  ultimately  thins 
out  in  the  upper  beds,  marking  the  de- 
crease and  final  extinction  of  the  species. 
This  gradual  increase  in  number  of  the 
species  of  a  group  is  strictly  conformable 
with  the  theory,  for  the  species  of  the 
same  genus,  and  the  genera  of  the  same 
family,  can  increase  only  slowly  and  pro- 
gressively ;   the  process  of   modification 
and  the  production  of  a  number  of  allied 
forms  necessarily  being  a  slow  and  grad- 
ual process, — one  species  first  giving  rise 
to  two  or  three  varieties,  these   being 
slowly  converted  into  species,  which  in 
their  turn  produce  by  equally  slow  steps 
other  varieties  and  species,  and  so  on,  like 
the  branching  of  a  great  tree  from  a  sin- 
gle stem,  till  the  group  becomes  large. 

On  Extinction. 

567.  We  have  as  yet  spoken  only  inci- 
dentally of  the  disappearance  of  species 


and  of  groups  of  species.  On  the  theory 
of  natural  selection,  the  extinction  of  old 
forms  and  the  production  of  new  and  im- 
proved forms  are  intimately  connected  to- 
gether. The  old  notion  of  all  the  inhabi- 
tants of  the  earth  having  been  swept  away 
by  catastrophes  at  successive  periods  is 
very  generally  given  up,  even  by  those 
geologists,  as  Elie  de  Beaumont,  Murch- 
ison,  Barrande,  etc.,  whose  general  views 
would  naturally  lead  them  to  this  conclu- 
sion. On  the  contrary,  we  have  every 
reason  to  believe,  from  the  study  of  the 
tertiary  formations,  that  species  and 
groups  of  species  gradually  disappear, 
one  after  another,  first  from  one  spot, 
then  from  another,  and  finally  from  the 
world.  In  some  few  cases,  however,  as 
by  the  breaking  of  an  isthmus  and  the 
consequent  irruption  of  a  multitude  of 
new  inhabitants  into  an  adjoining  sea,  or 
by  the  final  subsidence  of  an  island,  the 
process  of  extinction  may  have  been  rapid. 
Both  single  species  and  whole  groups  of 
species  last  for  very  unequal  periods ; 
some  groups  as  we  have  seen,  have  en- 
dured from  the  earliest  known  dawn  of 
life  to  the  present  day  ;  some  have  disap- 
peared before  the  close  of  the  paleozoic 
period.  No  fixed  law.  seems  to  determine 
the  length  of  time  during  which  any  sin- 
gle species  or  any  single  genus  endures. 
There  is  reason  to  believe  that  the  extinc- 
tion of  a  whole  group  of  species  is  gener- 
ally a  slower  process  than  their  produc- 
tion :  if  their  appearance  and  disappear- 
ance be  represented,  as  before,  by  a  ver- 
tical line  of  varying  thickness,  the  line  is 
found  to  taper  more  gradually  at  its  up- 
per end,  which  marks  the  progress  of  ex- 
termination, than  at  its  lower  end,  which 
marks  the  first  appearance  and  the  early 
increase  in  number  of  the  species.  In 
some  cases,  however,  the  extermination 
of  whole  groups,  as  of  ammonites,  to- 
ward the  close  of  the  secondary  period, 
has  been  wonderfully  sudden. 

568.  The  extinction  of  species  has  been 
involved  in  the  most  gratuitous  mystery. 
Some  authors  have  even  supposed  that, 
as  the  individual  has  a  definite  length  of 
life,  so  have  species  a  definite  duration. 
No  one  can  have  marveled  more  than  I 
have  done  at  the  extinction  of  species. 
When  I  found  in  La  Plata  the  tooth  of  a 
horse  embedded  with  the  remains  of  Mas- 
todon, Megatherium,  Toxodon,  and  other 
extinct  monsters,  which  all  coexisted  with 
still  living  shells  at  a  very  late  geological 
period,  I  was  filled  with  astonishment ; 
for  seeing  that  the  horse,  since  its  intro- 
duction by  the  Spaniards  into  South 
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America,  has  run  wild  over  the  whole 
country  and  has  increased  in  numbers  at 
an  unparalleled  rate,  I  asked  myself  what 
could  so  recently  have  exterminated  the 
former  horse  under  conditions  of  life  ap- 


parently so  favorable, 
ment  was  groundless. 


But  my  astonish- 
Professor  Owen 


soon  perceived  that  the  tooth,  though  so 
like  that  of  the  existing  horse,  belonged 
to  an  extinct  species.  Had  this  horse 
been  still  living,  but  in  some  degree  rare, 
no  naturalist  would  have  felt  the  least 
surprise  at  its  rarity ;  for  rarity  is  the  at- 
tribute of  a  vast  number  of  species  of  all 
classes,  in  all  countries.  If  we  ask  our- 
selves why  this  or  that  species  is  rare,  we 
answer  that  something  is  unfavorable  in 
its  conditions  of  life  ;  but  what  that  some- 
thing is,  we  can  hardly  ever  tell.  On  the 
supposition  of  the  fossil  horse  still  exist- 
ing as  a  rare  species,  we  might  have  felt 
certain,  from  the  analogy  of  all  other 
mammals,  even  of  the  slow  breeding  ele- 
phant, and  from  the  history  of  the  natu- 
ralization of  the  domestic  horse  in  South 
America,  that  under  more  favorable  con- 
ditions it  would  in  a  very  few  years  have 
stocked  the  whole  continent.  But  we 
could  not  have  told  what  the  unfavorable 
conditions  were  which  checked  its  in- 
crease, whether  some  one  or  several  con- 
tingencies, and  at  what  period  of  the 
horse's  life,  and  in  what  degree  they  sev- 
erally acted.  If  the  conditions  had  gone 
on,  however  slowly,  becoming  less  and 
less  favorable,  we  assuredly  should  not 
have  perceived  the  fact,  yet  the  fossil 
horse  would  certainly  have  become  rarer 
and  rarer,  and  finally  extinct ; — its  place 
being  seized  on  by  some  more  successful 
competitor. 

369.  It  is  most  difficult  always  to  re- 
member that  the  increase  of  every  crea- 
ture is  constantly  being  checked  by  un- 
perceived  hostile  agencies  ;  and  that  these 
same  unperceived  agencies  are  amply  suf- 
ficient to  cause  rarity,  and  finally  extinc- 
tion. So  little  is  this  subject  understood, 
that  I  have  heard  surprise  repeatedly  ex- 
pressed at  such  great  monsters  as  the 
Mastodon  and  the  more  ancient  Dinosau- 
rians  having  become  extinct ;  as  if  mere 
bodily  strength  gave  victory  in  the  battle 
of  life.  Mere  size,  on  the  contrary,  would 
in  some  cases  determine,  as  has  been  re- 
marked by  Owen,  quicker  extermination 
from  the  greater  amount  of  requisite  food. 
Before  man  inhabited  India'  or  Africa, 
some  cause  must  have  checked  the  con- 
tinued increase  of  the  existing  elephant. 


A  highly  capable  judge,  Dr.  Falconer,  be- 
lieves that  it  is  chiefly  insects  which,  from 


incessantly  harassing  and  weakening  the 
elephant  in  India,  check  its  increase  ;  and 
this  was  Bruce's  conclusion  with  respect 
to  the  African  elephant  in  Abyssinia.  It 
is  certain  that  insects  and  blood-sucking 
bats  determine  the  existence  of  the  larger 
naturalized  quadrupeds  in  several  parts  of 
S.  America. 

570.  We  see  in  many  cases  in  the  more 
recent  tertiary  formations,  that  rarity  pre- 
cedes extinction  ;  and  we  know  that  this 
has  been   the   progress  of  events  with 
those  animals  which  have  been  extermi- 
nated, either  locally  or  wholly,  through 
man's  agency.     I  may  repeat  what  I  pub- 
lished in  1845,  namely,  that  to  admit  that 
species  generally  become  rare  before  they 
become  extinct — to  feel  no  surprise  at  the 
rarity  of  a  species,  and  yet    to  marvel 
greatly  when  the  species  ceases  to  exist, 
is  much  the  same  as  to  admit  that  sick- 
ness in  the  individual  is  the  forerunner  of 
death — to  feel  no  surprise  at  sickness,  but, 
when  the  sick  man  dies,  to  wonder  and 
to  suspect  that  he  died  by  some  deed  of 
violence. 

571.  The  theory  of  natural  selection  is 
grounded  on  the  belief  that  each  new  va- 
riety, and  ultimately  each  new  species,  is 
produced  and  maintained  by  having  some 
advantage  over  those  with  which  it  comes 
into  competition  ;  and  the  consequent  ex- 
tinction of  the  less-favored  forms  almost 
inevitably  follows.     It  is  the  same  with 
our  domestic  productions ;  when  a  new 
and  slightly  improved  variety  has  been 
raised,  it  at  first  supplants  the  less  im- 
proved varieties  in  the  same  neighbor- 
hood ;  when  much  improved  it  is  trans- 
ported far  and  near,  like  our  short-horn 
cattle,  and  takes  the  place  of  other  breeds 
in  other  countries.     Thus  the  appearance 
of  new  forms  and  the  disappearance  of  old 
forms,  both  those  naturally  and  those  ar- 
tificially produced,  are  bound  together. 
In  flourishing  groups,  the  number  of  new 
specific  forms  which  have  been  produced 
within  a  given  time  has  at  some  periods 
probably  been  greater  than  the  number 
of  the  old  specific  forms  which  have  been 
exterminated  ;  but  we  know  that  species 
have  not  gone  on  indefinitely  increasing, 
at  least  during  the  later  geological  epochs, 
so  that,  looking  to  later  times,  we  may  be- 
lieve that  the  production  of  new  forms 
has  caused  the  extinction  of  about  the 
same  number  of  old  forms. 

572.  The  competition  will  generally  be 
most  severe,  as  formerly  explained  and 
illustrated    by    examples,    between    the 
forms  which  are  most  like  each  other  in 
all  respects.     Hence  the  improved  and 
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modified  descendants  of  a  species  will 
generally  cause  the  extermination  of  the 
parent-species;  and  if  many  new  forms 
have  been  developed  from  any  one  spe- 
cies, the  nearest  allies  of  that  species,  i.e., 
the  species  of  the  same  genus,  will  be  the 


most  liable  to  extermination, 
believe,   a  number  of  new 


Thus,  as  I 
species   de- 


it 
new 


scended  from  one  species,  that  is  a  new 
genus,  comes  to  supplant  an  old  genus, 
belonging  to  the  same  family.  But  : 
must  often  have  happened  that  a  n 
species  belonging  to  some  one  group  has 
seized  on  the  place  occupied  by  a  species 
belonging  to  a  distinct  group,  and  thus 
have  caused  its  extermination.  If  many 
allied  forms  be  developed  from  the  suc- 
cessful intruder,  many  will  have  to  yield 
their  places ;  and  it  will  generally  be  the 
allied  forms,  which  will  suffer  from  some 
inherited  inferiority  in  common.  But 
whether  it  be  species  belonging  to  the 
same  or  to  a  distinct  class,  which  have 
yielded  their  places  to  other  modified  and 
improved  species,  a  few  of  the  sufferers 
may  often  be  preserved  for  a  long  time, 
from  being  fitted  to  some  peculiar  line  of 
life,  or  from  inhabiting  some  distant  and 
isolated  station,  where  they  will  have 
escaped  severe  competition.  For  in- 
stance, some  species  of  Trigonia,  a  great 
genus  of  shells  in  the  secondary  forma- 
tions, survive  in  the  Australian  seas  ;  and 
a  few  members  of  the  great  and  almost 
extinct  group  of  Ganoid  fishes  still  in- 
habit our  fresh  waters.  Therefore  the 
utter  extinction  of  a  group  is  generally, 
as  we  have  seen,  a  slower  process  than  its 
production. 

573.  With  respect  to  the  apparently 
sudden  extermination  of  whole  families 
or  orders,  as  of  Trilobites  at  the  close  of 
the  paleozoic  period,  and  of  Ammonites 
at  the  close  of  the  secondary  period,  we 
must  remember  what  has  been  already 
said  on  the  probable  wide  intervals  of 
time  between  our  consecutive  formations ; 
and  in  these  intervals  there  may  have 
been  much  slow  extermination.  More- 
over, when,  by  sudden  immigration  or  by 
unusually  rapid  development,  many  spe- 
cies of  a  new  group  have  taken  possession 
of  an  area,  many  of  the  older  species  will 
have  been  exterminated  in  a  correspond- 
ingly rapid  manner ;  and  the  forms  which 
thus  yield  their  places  will  commonly  be 


allied,  for  they  will  partake  of  the  same 
inferiority  in  common. 

574.  Thus,  as  it  seems  to  me,  the 
manner  in  which  single  species  and  whole 
groups  of  species  become  extinct  accords 
well  with  the  theory  of  natural  selection. 


We  need  not  marvel  at  extinction ;  if  we 
must  marvel,  let  it  be  at  our  own  pre- 
sumption in  imagining  for  a  moment  that 
we  understand  the  many  complex  contin- 
gencies on  which  the  existence  of  each 
species  depends.  If  we  forget  for  an  in- 
stant, that  each  species  tends  to  increase 
inordinately,  and  that  some  check  is  al- 
ways in  action,  yet  seldom  perceived  by 
us,  the  whole  economy  of  nature  will  be 
utterly  obscured.  Whenever  we  can  pre- 
cisely say  why  this  species  is  more  abun- 
dant in  individuals  than  that ;  why  this 
species  and  not  another  can  be  naturalized 
in  a  given  country ;  then,  and  not  until 
then,  we  may  justly  feel  surprise  why  we 
cannot  account  for  the  extinction  of  any 
particular  species  or  group  of  species. 

On  the  Forms  of  Life  changing  al- 
most simultaneously  throughout  the 
World. 

575.  Scarcely  any  paleontological  dis- 
covery is  more  strik ing  than  the  fact,  that 
the  forms  of  life  change  almost  simulta- 
neously throughout  the  world.  Thus  our 
European  Chalk  formation  can  be  recog- 
nized in  many  distant  regions,  under  the 
most  different  climates,  where  not  a  frag- 
ment of  the  mineral  chalk  itself  can  be 
found ;  namely,  in  North  America,  in 
equatorial  South  America,  in  Tierra  del 
Fuego,  at  the  Cape  of  Good  Hope,  and 
in  the  peninsula  of  India.  For  at 
these  distant  points,  the  organic  remains 
in  certain  beds  present  an  unmistakable 
resemblance  to  those  of  the  Chalk.  It  is 
not  that  the  same  species  are  met  with  ; 
for  in  some  cases  not  one  species  is  iden- 
tically the  same,  but  they  belong  to  the 
same  families,  genera,  and  sections  of 
genera,  and  sometimes  are  similarly  char- 
acterized in  such  trifling  points  as  mere 
superficial  sculpture.  Moreover,  other 
forms,  which  are  not  found  in  the  Chalk 
of  Europe  but  which  occur  in  the  forma- 
tions either  above  or  below,  occur  in  the 
same  order  at  these  distant  points  of 
the  world.  In  the  several  successive  pa- 
leozoic formations  of  Russia,  Western 
Europe,  and  North  America,  a  similar 
parallelism  in  the  forms  of  life  has  been 
observed  by  several  authors  :  so  it  is,  ac- 
cording to  Lyell,  with  the  European  and 
North  American  tertiary  deposits.  Even 
if  the  few  fossil  species  which  are  com- 


mon to  the  Old  and  New  Worlds  were 
kept  wholly  out  of  view,  the  general  par- 
allelism in  the  successive  forms  of  life, 
in  the  paleozoic  and  tertiary  stages,  would 
still  be  manifest,  and  the  several  forma- 
tions could  be  easily  correlated. 
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576.  These  observations,  however,  re- 
late to   the   marine    inhabitants   of  the 
world  ;  we  have   not   sufficient   data  to 
judge   whether  the   productions   of  the 
land  and  of  fresh  water  at  distant  points 
change  in  the  same  parallel  manner.   We 
may    doubt    whether     they    have    thus 
changed :    if    the    Megatherium,    Mylo- 
don,  Macrauchenia,    and    Toxodon    had 
been  brought  to  Europe  from  La  Plata, 
without   any  information    in    regard   to 
their  geological  position,  no  one  would 
have  suspected  that  they  had  co-existed 
with  sea-shells  all  still  living,  but  as  these 
anomalous  monsters  co-existed  with  the 
Mastodon  and  Horse,  it  might  at  least 
have  been   inferred  that  they  had  lived 
during  one  of  the  later  tertiary  stages. 

577.  When  the  marine  forms  of  life  are 
spoken  of  as  having  changed   simulta- 
neously throughout  the   world,    it   must 
not  be  supposed  that  this  expression  re- 
lates to  the  same  year,  or  to  the  same 
century,  or  even  that  it  has  a  very  strict 
geological  sense  ;  for  if  all  the  marine  an- 
imals now  living  in  Europe,  and  all  those 
that  lived  in  Europe  during  the  pleisto- 
cene period  (a  very  remote  period  as  meas- 
ured by  years,  including  the  whole  glacial 
epoch)  were  compared  with  those   now 
existing  in  South  America  or  in  Australia, 
the  most  skillful  naturalist  would  hardly 
be  able  to  say  whether  the  present  or  the 
pleistocene  inhabitants  of  Europe  resem- 
bled most  closely  those  of  the  southern 
hemisphere.     So,  again,    several    highly 
competent  observers   maintain   that  the 
existing  productions  of  the  United  States 
are  more  closely  related  to  those  which 
lived  in  Europe  during  certain  late  tertiary 
stages,  than  to  the  present  inhabitants  of 
Europe ;  and  if  this  be  so,  it  is  evident 
that  fossiliferous  beds  now  deposited  on 
the  shores  of  North  America  would  here- 
after be  liable  to  be  classed  with  some- 
what older  European  beds.    Nevertheless 
looking  to  a  remotely  future  epoch,  there 
can  be  little  doubt  that  all  the  more  mod- 
ern marine  formations,  namely,  the  upper 
pliocene,  the  pleistocene  and  strictly  mod- 
ern beds  of   Europe,    North  and   South 
America,  and  Australia,  from  containing 
fossil  remains  in  some  degree  allied,  and 
from  not  including  those  forms  which  are 
found  only  in  the  older  underlying  depos- 
its, would  be  correctly  ranked  as  simul- 
taneous in  a  geological  sense. 

578.  The  fact  of  the  forms  of  life  chang- 
ing  simultaneously,  in  the   above   large 
sense,  at  distant  parts  of  the  world,  has 
greatly  struck  those  admirable  observers, 
MM.  de  Verneuil  and  d'Archiac.    After 
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referring  to  the  parallelism  of  the  Paleo- 
zoic forms  of  life  in  various  parts  of  Eu- 
rope, they  add,  "If  struck  by  this  strange 
sequence,  we  turn  our  attention  to  North 
America,  and  there  discover  a  series  of 
analogous  phenomena,  it  will  appear  cer- 
tain that  all  these  modifications  of  species, 
their  extinction,  and  the  introduction  of 
new  ones,  cannot  be  owing  to  mere 
changes  in  marine  currents  or  other 
causes  more  or  less  local  and  temporary 
but  depend  on  general  laws  which  gov- 
ern the  whole  animal  kingdom."  M.  Bar- 
rande  has  made  forcible  remarks  to  pre- 
cisely the  same  effect.  It  is,  indeed,  quite 
futile  to  look  to  changes  of  currents,  cli- 
mate, or  other  physical  conditions,  as  the 
cause  of  these  great  mutations  in  the 
forms  of  life  throughout  the  world,  under 
the  most  different  climates.  We  must, 
as  Barrande  has  remarked,  look  to  some 
special  law.  We  shall  see  this  more 
clearly  when  we  treat  of  the  present  dis- 
tribution of  organic  beings,  and  find  how 
slight  is  the  relation  between  the  physical 
conditions  of  various  countries  and  the 
nature  of  their  inhabitants. 

579.  This  great  fact  of  the  parallel  suc- 
cession of  the  forms  of  life  throughout  the 
world,  is  explicable  on  the  theory  of  nat- 
ural selection.  New  species  are  formed 
by  having  some  advantage  over  older 
forms  ;  and  the  forms,  which  are  already 
dominant,  or  have  some  advantage  over 
the  other  forms  in  their  own  country,  give 
birth  to  the  greatest  number  of  new  va- 
rieties or  incipient  species.  We  have 
distinct  evidence  on  this  head,  in  the 
plants  which  are  dominant,  that  is,  which 
are  commonest  and  most  widely  diffused, 
producing  the  greatest  number  of  new 
varieties.  It  is  also  natural  that  the  dom- 
inant, varying,  and  far-spreading  species, 
which  have  already  invaded  to  a  certain 
extent  the  territories  of  other  species, 
should  be  those  which  would  have  the 
best  chance  of  spreading  still  further, 
and  of  giving  rise  in  new  countries  to 
other  new  varieties  and  species.  The 
process  of  diffusion  would  often  be  very 
slow,  depending  on  climatal  and  geo- 
graphical changes,  on  strange  accidents, 
and  on  the  gradual  acclimatization  of  new 
species  to  the  various  climates  through 
which  they  might  have  to  pass,  but  in  the 
course  of  time  the  dominant  forms  would 
generally  succeed  in  spreading  and  would 
ultimately  prevail.  The  diffusion  would, 
it  is  probable,  be  slower  with  the  terrestrial 
inhabitants  of  distinct  continents  than 
with  the  marine  inhabitants  of  the  con- 
tinuous sea.  We  might  therefore  expect 
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to  find,  as  we  do  find,  a  less  strict  degree 
of  parallelism  in  the  '  succession  of  the 
productions  of  the  land  than  with  those 
of  the  sea. 

580.  Thus,  as  it  seems  to  me,  the  par- 
allel, and,  taken  in  a  large  sense,  simulta- 
neous, succession  of  the  same  forms  of 
life  throughout  the  world,  accords  well 
with  the  principle  of  new  species  having 
been  formed  by  dominant  species  spread- 
ing widely  and  varying ;  the  new  species 
thus  produced  being  themselves  domi- 
nant, owing  to  their  having  had  some  ad- 
vantage   over    their    already    dominant 
parents,  as  well  as  over  other  species, 
and  again  spreading,  varying,  and  pro- 
ducing new  forms.     The  old  forms  which 
are  beaten  and  which  yield  their  places 
to  the  new  and  victorious  forms,  will  gen- 
erally be  allied  in  groups,  from  inheriting 
some  inferiority  in  common ;  and  there- 
fore, as  new  and  improved  groups  spread 
throughout  the  world,  old  groups  disap- 
pear from  the  world  ;  and  the  succession 
of  forms  everywhere  tends  to  correspond 
both  in  their  first   appearance  and  final 
disappearance. 

581.  There  is  one  other  remark  con- 
nected with  this  subject  worth  making. 
J  have  given  my  reasons  for  believing 
that  most  of  our  great  formations,  rich  in 
fossils,  were  deposited  during  periods  of 
subsidence ;  and  that  blank  intervals  of 
vast  duration,  as  far  as  fossils  are  con- 
cerned, occurred  during  the  periods  when 
the  bed  of  the  sea  was  either  stationary 
or  rising,  and  likewise  when  sediment  was 
not  thrown    down    quickly   enough    to 
embed  and    preserve    organic    remains. 
During  these  long  and  blank  intervals  I 
suppose  that    the    inhabitants    of    each 
region  underwent  a  considerable  amount 
of  modification  and  extinction,  and  that 
there  was  much  migration   from  other 
parts  of  the  world.     As  we  have  reason 
to  believe  that  large  areas  are  affected  by 
the  same  movement,  it  is  probable  that 
strictly  contemporaneous  formations  have 
often  been  accumulated  over  very  wide 
spaces  in  the  same  quarter  of  the  world  ; 
but  we  are  very  far  from  having  any  right 
to  conclude  that  this  has  invariably  been 
the  case,  and  that  large  areas  have  inva- 
riably been  affected  by  the  same  move- 
ments.   When  two  formations  have  been 
deposited  in  two  regions  during  nearly, 
but  not    exactly,   the  same  period,  we 
should  find  in  both,  from  the  causes  ex- 
plained in  the  foregoing  paragraphs,  the 
same  general  succession  in  the  forms  of 
life ;  but  the  species   would  not  exactly 
correspond;  for  there  will  have   been  a 
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little  more  time  in  the  one  region  than 
in  the  other  for  modification,  extinction, 
and  immigration. 

582.  I  suspect  that  cases  of  this  nature 
occur  in  Europe.     Mr.  Prestwich,  in  his 
admirable  memoirs  on  the  eocene  deposits 
of  England  and  France,  is  able  to  draw 
a  close  general  parallelism  between  the 
successive  stages  in  the  two  countries  : 
but  when  he  compares  certain  stages  in 
England  with  those  in  France,  although 
he  finds  in  both  a  curious  accordance  in 
the  numbers  of  the  species  belonging  to 
the  same  genera,  yet  the  species  them- 
selves differ  in  a  manner  very  difficult  to 
account  for  considering  the  proximity  of 
the  two  areas, — unless,  indeed,  it  be  as- 
sumed that  an   isthmus  separated   two 
seas  inhabited  by  distinct,  but  contem- 
poraneous, faunas.     Lyell  has  made  sim- 
ilar observations  on  some  of  the  later  ter- 
tiary formations.     Barrande,  also,  shows 
that  there  is  a  striking  general  parallelism 
in  the  successive  Silurian  deposits  of  Bo- 
hemia and  Scandinavia  ;  nevertheless  he 
finds  a  surprising  amount  of  difference  in 
the  species.     If  the  several  formations  in 
these  regions  have  not   been   deposited 
during  the  same  exact  periods, — a  forma- 
tion in  one  region  often  corresponding 
with  a  blank  interval  in  the  other, — and 
if  in  both  regions  the  species  have  gone 
on  slowly  changing  during  the  accumula- 
tion of  the  several  formations  and  during 
the  long  intervals  of  time  between  them  ; 
in  this  case  the  several  formations  in  the 
two  regions  could  be  arranged  in  the  same 
order,  in  accordance  with  the  general  suc- 
cession of  the  forms  of  life,  and  the  order 
would  falsely  appear  to  be  strictly  par- 
allel ;  nevertheless  the  species  would  not 
be  all  the  same  in  the  apparently  corre- 
sponding stages  in  the  two  regions. 

On  the  Affinities  of  Extinct  Species  to 
each  other,  and  to  Living  Forms. 

583.  Let  us  now  look  to  the  mutual  af- 
finities of  extinct  and  living  species.     All 
fall  into  a  few  grand  classes ;  and  this  fact 
is  at  once  explained  on  the  principle  of 
descent.     The  more  ancient  any  form  is, 
the  more,  as  a  general  rule,  it  differs  from 
living  forms.     But,  as  Buckland  long  ago 
remarked,  extinct  species  can  all  be  classed 
either  in  still  existing  groups,  or  between 
them.     That  the  extinct  forms  of  life  help 
to  fill  up  the  intervals  between  existing 
genera,  families,  and  orders,  is  certainly 
true  ;  but  as  this  statement  has  often  been 
ignored  or  even  denied,  it  may  be  well  to 
make  some  remarks  on  this  subject,  and 
to   give   some  instances.     If  we  confine 
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our  attention  either  to  the  living  or  to  the 
extinct  species  of  the  same  class,  the  series 
is  far  less  perfect  than  if  we  combine  both 
into  one  general  system.  In  the  writings 
of  Professor  Owen  we  continually  meet 
with  the  expression  of  generalized  forms, 
as  applied  to  extinct  animals ;  and  in  the 
writings  of  Agassiz,  of  prophetic  or  syn- 
thetic types  ;  and  these  terms  imply  that 
such  forms  are  in  fact  intermediate  or  con- 
necting links.  Another  distinguished  pa- 
leontologist, M.  Gaudry,  has  shown  in  the 
most  striking  manner  that  many  of  the 
fossil  mammals  discovered  by  him  in  At- 
tica serve  to  break  down  the  intervals  be- 
tween existing  genera.  Cuvier  ranked  the 
Ruminants  and  Pachyderms,  as  two  of  the 
most  distinct  orders  of  mammals  ;  but  so 
many  fossil  links  have  been  disentombed 
that  Owen  has  had  to  alter  the  whole  class- 
ification, and  has  placed  certain  pachy- 
derms in  the  same  sub-order  with  rumi- 
nants ;  for  example,  he  dissolves  by  grada- 
tions the  apparently  wide  interval  between 
the  pig  and  the  camel.  The  Ungulata  or 
hoofed  quadrupeds  are  now  divided  into 
the  even-toed  or  odd-toed  divisions  ;  but 
the  Macrauchenia  of  S.  America  connects 
to  a  certain  extent  these  two  grand  divis- 
ions. No  one  will  deny  that  the  Hippa- 
rion  is  intermediate  between  the  existing 
horse  and  certain  older  ungulate  forms. 
What  a  wonderful  connecting  link  in  the 
chain  of  mammals  is  the  Typotherium 
from  S.  America,  as  the  name  given  to  it 
by  Professor  Gervais  expresses,  and  which 
cannot  be  placed  in  any  existing  order. 
The  Sirenia  form  a  very  distinct  group  of 
mammals,  and  one  of  the  most  remark- 
able peculiarities  in  the  existing  dugong 
and  lamantin  is  the  entire  absence  of  hind 
limbs,  without  even  a  rudiment  being  left ; 
but  the  extinct  Halitherium  had,  according 
to  Professor  Flower,  an  ossified  thigh- 
bone "  articulated  to  a  well  defined  aceta- 
bulum  in  the  pelvis,"  and  it  thus  makes 
some  approach  to  ordinary  hoofed  quad- 
rupeds, to  which  the  Sirenia  are  in  other 
respects  allied.  The  cetaceans  or  whales 
are  widely  different  from  all  other  mam- 
mals, but  the  tertiary  Zeuglodon  and 
Squalodon,  which  have  been  placed  by 
some  naturalists  in  an  order  by  them- 
selves, are  considered  by  Professor  Hux- 
ley to  be  undoubtedly  cetaceans,  "  and  to 
constitute  connecting  links  with  the  aqua- 
tic carnivora." 

584.  Even  the  wide  interval  between 
birds  and  reptiles  has  been  shown  by  the 
naturalist  just  quoted  to  be  partially 
bridged  over  in  the  most  unexpected  man- 
ner, on  the  one  hand,  by  the  ostrich  and 
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extinct  Archeopteryx,  and  on  tne  other 
hand,  by  the  Compsognathus,  one  of  the 
Dinosaurians — that  group  which  includes 
the  most  gigantic  of  all  terrestrial  reptiles. 
Turning  to  the  Invertebrate,  Barrande  as- 
serts, and  a  higher  authority  could  not  be 
named,  that  he  is  every  day  taught  that, 
although  paleozoic  animals  can  certainly 
be  classed  under  existing  groups,  yet  that 
at  this  ancient  period  the  groups  were  not 
so  distinctly  separated  from  each  other  as 
they  now  are. 

585.  Some  writers  have  objected  to  any 
extinct  species,  or  group  of  species,  being 
considered  as  intermediate  between  any 
two  living  species  or  groups  of  species. 
If  by  this  term  it  is  meant  that  an  extinct 
form  is  directly  intermediate  in  all  its  char- 
acters between  two  living  forms  or  groups, 
the  objection  is  probably  valid.     But  in  a 
natural  classification  many  fossil  species 
certainly  stand  between  living  species,  and 
some  extinct  genera  between  living  genera, 
even  between  genera  belonging  to  distinct 
families.    The  most  common  case,  espe- 
cially with  respect  to  very  distinct  groups, 
such  as  fish  and  reptiles,  seems  to  be,  that, 
supposing  them  to  be  distinguished  at  the 
present  day  by  a  score  of  characters,  the 
"ancient  members  are  separated  by  a  some- 
what lesser  number  of  characters ;  so  that 
the  two  groups  formerly  made  a  some- 
what nearer  approach  to  each  other  than 
they  now  do. 

586.  It  is  a  common  belief  that  the 
more  ancient  a  form  is,  by  so  much  the 
more  it  tends  to  connect  by  some  of  its 
characters  groups  now  widely  separated 
from  each  other.     This  remark  no  doubt 
must  be  restricted  to  those  groups  which 
have    undergone    much   change    in   the 
course  of  geological  ages ;  and  it  would 
be  difficult  to  prove  the  truth  of  the  prop- 
osition, for  every  now  and  then  even  a 
living  animal,  as  the  Lepidosiren,  is  dis- 
covered having  affinities  directed  toward 
very  distinct  groups.     Yet  if  we  compare 
the  older  Reptiles  and  Batrachians,  the 
older  Fish,  the  older  Cephalopods,  and 
the  eocene  Mammals,  with  the  more  re- 
cent members  of  the  same  classes,  we 
must  admit  that  there  is  truth  in  the  re- 
mark. 

587.  Let  us  see  how  far  these  several 
facts  and  inferences  accord  with  the  theory 
of  descent  with  modification.    As  the  sub- 
ject is  somewhat  complex,  I  must  request 
the  reader  to  turn  to  the  diagram  in  the 
fourth  chapter.    We  may  suppose   that 
the  numbered  letters  in  italics  represent 
genera,  and  the  dotted   lines  diverging 
from  them  the  species  in  each  genus. 
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The  diagram  is  much  too  simple,  too  few 
genera  and  two  few  species  being  given 
but  this  is  unimportant  for  us.  The  hori- 
zontal lines  may  represent  successive  ge- 
ological formations,  and  all  the  forms  be- 
neath the  uppermost  line  may  be  consid- 
ered as  extinct.  The  three  existing  gen- 
era au,  g1*,  flu,  will  form  a  small  family 
fr*  and/1*  a  closely  allied  family  or  sub- 
family ;  and  0U,  eu,  mu,  a  third  family. 
These  three  families,  together  with  the 
many  extinct  genera  on  the  several  lines 
of  descent  diverging  from  the  parent-form 
(A)  will  form  an  order ;  for  all  will  have 
inherited  something  in  common  from  their 
ancient  progenitor.  On  the  principle  of 
the  continued  tendency  to  divergence  of 
character,  which  was  formerly  illustrated 
by  this  diagram,  the  more  recent  any  form 
is,  the  more  it  will  generally  differ  from 
its  ancient  progenitor.  Hence  we  can 
understand  the  rule  that  the  most  ancient 
fossils  differ  most  from  existing  forms. 
We  must  not,  however,  assume  that  di- 
vergence of  character  is  a  necessary  con- 
tingency; it  depends  solely  on  the  de- 
scendants from  a  species  being  thus  ena- 
bled to  seize  on  many  and  different  places 
in  the  economy  of  nature.  Therefore  it 
is  quite  possible,  as  we  have  seen  in  the 
case  of  some  Silurian  forms,  that  a  species 
might  go  on  being  slightly  modified  in 
relation  to  its  slightly  altered  conditions 
of  life,  and  yet  retain  throughout  a  vast 
period  the  same  general  characteristics. 


This  is  represented  in  the  diagram  by  the 
letter  FM. 

588.  All  the  many  forms,  extinct  and 
recent,  descended  from  (A),  make,  as  be- 
fore remarked,  one  order ;  and  this  order, 
from  the  continued  effects  of  extinction 
and  divergence  of  character,  has  become 
divided  into  several  sub-families  and  fam- 
ilies, some  of  which  are  supposed  to  have 
perished  at  different  periods,  and  some  to 
have  endured  to  the  present  day. 

589.  By  looking  at  the  diagram  we  can 
see  that  if  many  of  the  extinct  forms  sup- 
posed to  be  embedded  in  the  successive 
formations,  were  discovered   at    several 
points  low  down  in  the  series,  the  three 
existing  families   on  the  uppermost  line 
would  be  rendered  less  distinct  from  each 
other.     If,  for  instance,  the  genera  a1,  a5, 
a10,/8,m*t  m6,  mg,  were  disinterred,  these 
three  families  would  be  so  closely  linked 
together  that  they  probably  would  have 
to  be  united   into  one  great   family,  in 
nearly  the  same  manner  as  has  occurred 
with  ruminants  and  certain  pachyderms. 
Yet  he  who  objected  to  consider  as  inter- 
mediate the  extinct  genera,  which  thus 
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link  together  the  living  genera  of  three 
families,  would  be  partly  justified,  for  they 
are  intermediate,  not  directly,  but  only  by 
a  long  and  circuitous  course  through  many 
widely  different  forms.  If  many  extinct 
forms  were  to  be  discovered  above  one  of 
the  middle  horizontal  lines  or  geological 
formations — for  instance,  above  No.  VI. 
— but  none  from  beneath  this  line,  then 
only  two  of  the  families  (those  on  the  left 
hand,  a1*,  etc.,  and  b1*,  etc.)  would  have 
to  be  united  into  one ;  and  there  would 
remain  two  families  which  would  be  less 
distinct  from  each  other  than  they  were 
before  the  discovery  of  the  fossils.  So 
again  if  the  three  families  formed  of  eight 
genera  (au  to  m1*),  on  the  uppermost  line, 
be  supposed  to  differ  from  each  other  by 
half-a-dozen  important  characters,  then 
the  families  which  existed  at  the  period 
marked  VI.  would  certainly  have  differed 
from  each  other  by  a  less  number  of  char- 
acters ;  for  they  would  at  this  early  stage 
of  descent  have  diverged  in  a  less  degree 
from  their  common  progenitor.  Thus  it 
comes  that  ancient  and  extinct  genera  are 
often  in  a  greater  or  less  degree  interme- 
diate in  character  between  their  modified 
descendants,  or  between  their  collateral 
relations. 

590.  Under  nature 'the  process  will  be 
far  more  complicated  than  is  represented 
in  the  diagram ;  for  the  groups  will  have 
been  more  numerous ;  they  will  have  en- 


dured for  extremely  unequal    lengths  of 


time,  and  will  have  been  modified  in  vari- 
ous degrees.  As  we  possess  only  the 
last  volume  of  the  geological  record, 
and  that  in  a  very  broken  condition,  we 
have  no  right  to  expect,  except  in  rare 
ases,  to  fill  up  the  wide  intervals  in  the 
natural  system,  and  thus  to  unite  distinct 
families  or  orders.  All  that  we  have  a 
right  to  expect  is,  that  those  groups  which 
have,  within  known  geological  periods,  un- 
dergone much  modification,  should  in  the 
older  formations  make  some  slight  ap- 
aroach  to  each  other ;  so  that  the  older 
members  should  differ  less  from  each 
other  in  some  of  their  characters  than  do 
the  existing  members  of  the  same  groups, 
and  this  by  the  concurrent  evidence  of 
our  best  paleontologists  is  frequently  the 
case. 

591.  Thus,   on   the  theory  of  descent 
with  modification,  the  main    facts  with 
respect  to  the  mutual  affinities  of  the  ex- 
:inct  forms  of  life  to  each  other  and   to 
iving  forms,  are  explained  in  a  satisfac- 
;ory  manner.     And  they  are  wholly  in- 
explicable on  any  other  view. 

592.  On  this  same  theory,  it  is  evident 
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that  the  fauna  during  anyone  great  pe-   things  with  great ;  if  the  principal  living 
nod  in  the  earth  s  history  will  be  inter-   ""-1  — « -: — *  -       •  -*  -«• 
mediate  in    general    character    between 
that  which  preceded  and  that  which  suc- 
ceeded    it.     Thus     the    species     which 
lived  at  the  sixth  great  stage  of  descent 
in  the  diagram  are  the  modified  offspring 
of  those  which  lived  at  the  fifth  stage, 
and  are  the  parents  of  those  which  be- 
came still  more  modified  at  the  seventh 


stage  ;  hence  they  could  hardly  fail  to  be 
nearly  intermediate  in  character  between 
the  forms  of  life  above  and  below.  We 
must,  however,  allow  for  the  entire  ex- 
tinction of  some  preceding  forms,  and  in 
any  one  region  for  the  immigration  of 
new  forms  from  other  regions,  and  for  a 
large  amount  of  modification  during  the 
long  and  blank  intervals  between  the  suc- 
cessive formations.  Subject  to  these  al- 
lowances, the  fauna  of  each  geological 
period  undoubtedly  is  intermediate  in 
character,  between  the  preceding  and 
succeeding  faunas.  I  need  give  only  one 
instance,  namely,  the  manner  in  which 
the  fossils  of  the  Devonian  system,  when 
this  system  was  first  discovered,  were  at 
once  recognized  by  paleontologists  as 
intermediate  in  character  between  those 
of  the  overlying  carboniferous,  and  under- 
lying Silurian  systems.  But  each  fauna 
is  not  necessarily  exactly  intermediate,  as 
unequal  intervals  of  time  have  elapsed 
between  consecutive  formations. 

593.  It  is  no  real  objection  to  the  truth 
of  the  statement  that  the  fauna  of  each 
period  as  a  whole  is  nearly  intermediate 
in  character  between  the  preceding  and 
succeeding  faunas,  that  certain  genera 
offer  exceptions  to  the  rule.  For  in- 
stance, the  species  of  mastodons  and  ele- 
phants, when  arranged  by  Dr.  Falconer 
in  two  series, — in  the  first  place  accord- 
ing to  their  mutual  affinities,  and  in  the 
second  place  according  to  their  periods 
of  existence, — do  not  accord  in  arrange- 
ment. The  species  extreme  in  character 
are  not  the  oldest  or  the  most  recent ;  nor 
are  those  which  are  intermediate  in  char- 
acter, intermediate  in  age.  But  suppos- 
ing for  an  instant,  in  this  and  other  such 
cases,  that  the  record  of  the  first  appear- 
ance and  disappearance  of  the  species 
was  complete,  which  is  far  from  the  case, 
we  have  no  reason  to  believe  that  forms 
successively  produced  necessarily  endure 
for  corresponding  lengths  of  time.  A 
very  ancient  form  may  occasionally  have 
lasted  much  longer  than  a  form  elsewhere 
subsequently  produced,  especially  in  the 
case  of  terrestrial  productions  inhabiting 
separated  districts.  To  compare  small 
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and  extinct  races  of  the  domestic  pigeon 
were  arranged  in  serial  affinity,  this  ar- 
rangement would  not  closely  accord  with 
the  order  in  time  of  their  production,  and 
even  less  with  the  order  of  their  disap- 
pearance;  for  the  parent  rock-pigeon 
still  lives;  and  many  varieties  between 
the  rock-pigeon  and  the  carrier  have  be- 
come extinct ;  and  carriers  which  are  ex- 
treme in  the  important  character  of 
length  of  beak  originated  earlier  than 
short-beaked  tumblers,  which  are  at  the 
opposite  end  of  the  series  in  this  respect. 

594.  Closely  connected  with  the  state- 
ment, that  the  organic  remains  from  an 
intermediate  formation  are  in  some  de- 
gree intermediate  in  character,  is  the  fact, 
insisted  on    by  all  paleontologists,  that 
fossils  from  two  consecutive  formations 
are  far  more    closely  related  to    each 
other,  than  are  the  fossils  from  two  re- 
mote formations.     Pictet  gives  as  a  well- 
known  instance,  the  general  resemblance 
of  the  organic  remains  from  the  several 
stages  of  the  Chalk  formation,  though  the 
species  are  distinct  in  each  stage.     This 
fact  alone,  from  its  generality,  seems  to 
have  shaken  Professor  Pictet  in  his   be- 
lief in  the  immutability  of  species.     He 
who  is  acquainted  with  the  distribution 
of  existing  species  over  the  globe,  will 
not  attempt  to  account  for  the  close  re- 
semblance of  distinct  species  in  closely 
consecutive  formations,  by  the  physical 
conditions  of  the  ancient  areas  having 
remained  nearly  the  same.     Let  it  be  re- 
membered that  the  forms  of  life,  at  least 
those  inhabiting  the  sea,  have  changed 
almost  simultaneously    throughout    the 
world,  and  therefore  under  the  most  dif- 
ferent climates  and  conditions.    Consider 
the  prodigious  vicissitudes  of  climate  dur- 
ing the  pleistocene  period,  which  includes 
the  whole  glacial  epoch,  and  note  how 
little  the  specific  forms  of  the  inhabitants 
of  the  sea  have  been  affected. 

595.  On  the  theory  of  descent,  the  full 
meaning  of    the   fossil    remains    from 
closely    consecutive     formations    being 
closely  related,  though  ranked  as  dis- 
tinct species,  is  obvious.     As  the  accumu- 
lation of  each  formation  has  often  been 
interrupted,  and  as  long  blank  intervals 
have  intervened  between  successive  for- 
mations, we  ought  not  to  expect  to  find, 
as  I  attempted  to  show  in  the  last  chap- 
ter, in  any  one  or  in  any  two  formations, 
all    the    intermediate  varieties   between 
the  species  which  appeared  at  the  com- 
mencement and  close  of  these  periods : 
but  we  ought  to  find  after  intervals,  very 
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long  as  measured  by  years,  but  only  mod- 
erately long  as  measured  geologically, 
closely  allied  forms,  or,  as  they  have  been 
called  by  some  authors,  representative 
species  ;  and  these  assuredly  we  do  find. 
We  find,  in  short,  such  evidence  of  the 
slow  and  scarcely  sensible  mutations  of 
specific  forms,  as  we  have  the  right  to 
expect. 

On  the  State  of  Development  of  Ancient 
compared  with  Living  Forms. 

596.  We  have  seen  in  the  fourth  chapter 
that  the  degree  of  differentiation  and  spe- 
cialization of  the  parts  in  organic  beings, 
when  arrived  at  maturity,  is  the  best  stand- 
ard,   as  yet  suggested,  of   their  degree 
of  perfection  or  highness.     We  have  also 
seen  that,  as  the  specialization  of  parts  is 
an  advantage  to  each  being,  so  natural  se- 
lection will  tend  to  render  the  organiza- 
tion of  each  being  more  specialized  and 
perfect,  and  in  this  sense  higher ;  not  but 
that   it   may  leave   many  creatures  with 
simple  and  unimproved  structures  fitted 
for  simple  conditions  of  life,  and  in  some 
cases  will  even  degrade  or  simplify  the 
organization,  yet  leaving  such  degraded 
beings  better  fitted  for  their  new  walks 
of  life.     In  another  and  more  general 
manner,  new  species  become  superior  to 
their  predecessors  ;  for  they  have  to  beat 
in  the  struggle  for  life  all  the  older  forms, 
with  which  they  come  into  close  compe- 
tition.    We  may  therefore  conclude  that 
if  under   a    nearly  similar    climate  the 
eocene  inhabitants  of  the  world  could  be 
put  into  competition  with  the  existing  in- 
habitants, the   former  would  be   beaten 
and  exterminated  by  the  latter,  as  would 
the  secondary  by  the    eocene,  and   the 
paleozoic  by   the  secondary   forms.     So 
that  by  this  fundamental  test  of  victory  in 
the  battle  for  life,  as  well  as  by  the  stand- 
ard of  the  specialization  of  organs,  mod- 
ern forms  ought,  on  the  theory  of  natural 
selection,  to  stand   higher  than   ancient 
forms.     Is  this  the  case  ?     A  large  ma- 
jority   of  paleontologists  would  answer 
in  the  affirmative  ;  and  it  seems  that  this 
answer  must  be  admitted  as  true,  though 
difficult  of  proof. 

597.  It  is  no  valid  objection  to  this  con- 
clusion,  that   certain  Brachiopods   have 
been  but  slightly  modified  from  an  ex- 
tremely remote  geological  epoch  ;    and 
that  certain  land   and  fresh-water  shells 
have  remained  nearly  the  same,  from  the 
time  when,  as  far  as  is  known,  they  first 
appeared.     It  is  not  an  insuperable  diffi- 
culty that  Foraminifera  have  not,  as  in- 
wsted  on  by  Dr.  Carpenter,  progressed 
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in  organization  since  even  the  Lauren- 
tian  epoch ;  for  some  organisms  would 
have  to  remain  fitted  for  simple  condi- 
tions of  life,  and  what  could  be  better 
fitted  for  this  end  than  these  lowly  or- 
ganized Protozoa?  Such  objections  as 
the  above  would  be  fatal  to  my  view,  if 
it  included  advance  in  organization  as  a 
necessary  contingent.  They  would  like- 
wise be  fatal,  if  the  above  Foraminifera, 
for  instance,  could  be  proved  to  have  first 
come  into  existence  during  the  Lauren- 
tian  epoch,  or  the  above  Brachiopods 
during  the  Cambrian  formation ;  for  in 
this  case,  there  would  not  have  been  time 
sufficient  for  the  development  ot  these 
organisms  up  to  the  standard  which  they 
had  then  reached.  When  advanced  up 
to  any  given  pom*.,  there  is  no  necessity 
on  the  theory  of  natural  selection  for 
their  further  continued  progress ;  though 
they  will,  during  each  successive  age, 
have  to  be  slightly  modified,  so  as  to  hold 
their  places  in  relation  to  slight  changes 
in  their  conditions.  The  foregoing  ob- 
jections hinge  on  the  question  whether 
we  really  know  how  old  the  world  is,  and 
at  what  period  the  various  forms  of  life 
first  appeared  ;  and  this  may  well  be  dis- 
puted. 

,598.  The  problem '  whether  organiza- 
tion on  the  whole  has  advanced  is  in 
many  ways  excessively  intricate.  The 
geological  record,  at  all  times  imperfect, 
does  not  extend  far  enough  back,  to  show 
with  unmistakable  clearness  that  within 
the  known  history  of  the  world  organiza- 
tion has  largely  advanced.  Even  at  the 
present  day,  looking  to  members  of  the 
same  class,  naturalists  are  not  unanimous 
which  forms  ought  to  be  ranked  as  high- 
est :  thus,  some  look  at  the  selaceans  or 
sharks,  from  their  approach  in  some  im- 
portant points  of  structure  to  reptiles,  as 
the  highest  fish  ;  others  look  at  the  tele- 
osteans  as  the  highest.  The  ganoids 
stand  intermediate  between  the  selaceans 
and  teleosteans  ;  the  latter  at  the  present 
day  are  largely  preponderant  in  number ; 
but  formerly  selaceans  and  ganoids  alone 
existed ;  and  in  this  case,  according  to 
the  standard  of  highness  chosen,  so  will 
it  be  said  that  fishes  have  advanced  or 
retrograded  in  organization.  To  attempt 
to  compare  members  of  distinct  types  in 
the  scale  of  highness  seems  hopeless ;  who 
will  decide  whether  a  cuttle-fish  be  higher 
than  a  bee — that  insect  which  the  great 
Von  Baer  believed  to  be  "  in  fact  more 
highly  organized  than  a  fish,  although 
upon  another  type"?  In  the  complex 
struggle  for  life  it  is  quite  credible  that 
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crustaceans,  not  very  high  in  their  own 
class,  might  beat  cephalopods,  the  high- 
est molluscs ;  and  such  crustaceans, 
though  not  highly  developed,  would  stand 
very  high  in  the  scale  of  invertebrate  ani- 
mals, if  judged  by  the  most  decisive  of 
all  trials — the  law  of  battle.  Besides 
these  inherent  difficulties  in  deciding 
which  forms  are  the  most  advanced  in 
organization,  we  ought  not  solely  to  com- 
pare the  highest  members  of  a  class  at 
any  two  periods — though  undoubtedly 
this  is  one  and  perhaps  the  most  impor- 
tant element  in  striking  a  balance — but 
we  ought  to  compare  all  the  members, 
high  and  low,  at  the  two  periods.  At  an 
ancient  epoch  the  highest  and  lowest 
molluscoidal  animals,  namely,  cephalo' 
pods  and  brachiopods,  swarmed  in  num- 
bers ;  at  the  present  time  both  groups  are 
greatly  reduced,  while  others,  intermedi- 
ate in  organization,  have  largely  in- 
creased ;  consequently  some  naturalists 
maintain  that  molluscs  were  formerly 
more  highly  developed  than  at  present ; 
but  a  stronger  case  can  be  made  out  on 
the  opposite  side,  by  considering  the  vast 
reduction  of  brachiopods,  and  the  fact  that 
our  existing  cephalopods,  though  few  in 
number,  are  more  highly  organized  than 
their  ancient  representatives.  We  ought 
also  to  compare  the  relative  proportional 
numbers  at  any  two  periods  of  the  high 
and  low  classes  throughout  the  world ; 
if,  for  instance,  at  the  present  day  fifty 
thousand  kinds  of  vertebrate  animals  ex- 
ist, and  if  we  knew  that  at  some  former 
period  only  ten  thousand  kinds  existed, 
we  ought  to  look  at  this  increase  in  num- 
ber in  the  highest  class,  which  implies  a 
great  displacement  of  lower  forms,  as  a 
decided  advance  in  the  organization  of 
the  world.  We  thus  see  how  hopelessly 
difficult  it  is  to  compare  with  perfect  fair- 
ness, under  such  extremely  complex  rela- 
tions, the  standard  of  organization  of  the 
imperfectly  known  faunas  of  successive 
periods. 

599.  We  shall  appreciate  this  difficulty 
more  clearly,  by  looking  to  certain  exist- 
ing faunas  and  floras.  From  the  extraor- 
dinary manner  in  which  European  pro- 
ductions have  recently  spread  over  New 
Zealand,  and  have  seized  on  places  which 
must  have  been  previously  occupied  by 
the  indigenes,  we  must  believe,  that  if  all 
the  animals  and  plants  of  Great  Britain 
were  set  free  in  New  Zealand,  a  multi- 
tude of  British  forms  would  in  the  course 
of  time  become  thoroughly  naturalized 
there,  and  would  exterminate  many  ol 
the  natives.  On  the  other  hand,  from 


the  fact  that  hardly  a  single  inhabitant  of 
the  southern  hemisphere  has  become 
wild  in  any  part  of  Europe,  we  may  well 
doubt  whether,  if  all  the  productions  of 
New  Zealand  were  set  free  in  Great 
Britain,  any  considerable  number  would 
3e  enabled  to  seize  on  places  now  occu- 
by  our  native  plants  and  animals. 
Under  this  point  of  view,  the  productions 
of  Great  Britain  stand  much  higher  in 
:he  scale  than  those  of  New  Zealand. 
Yet  the  most  skillful  naturalist,  from  an 
examination  of  the  species  of  the  two 
countries,  could  not  have  foreseen  this 
result. 

600.  Agassiz  and  several  other  highly 
competent  judges  insist  that  ancient  ani- 
mals resemble  to  a  certain  extent  the 
mbryos  of  recent  animals  belonging  to 
the  same  classes ;  and  that  the  geological 
succession  of  extinct  forms  is  nearly  par- 
allel with  the  embryological  development 
of  existing  forms.  This  view  accords 
admirably  well  with  our  theory.  In  a  fu- 
ture chapter  I  shall  attempt  to  show  that 
the  adult  differs  from  its  embryo,  owing 
to  variations  having  supervened  at  a  not 
early  age,  and  having  been  inherited  at  a 
corresponding  age.  This  process,  while  it 
leaves  the  embryo  almost  unaltered,  con- 
tinually adds,  in  the  course  of  successive 
generations,  more  and  more  difference 
to  the  adult.  Thus  the  embryo  comes  to 
be  left  as  a  sort  of  picture,  preserved  by 
nature,  of  the  former  and  less  modified 
condition  of  the  species.  This  view  may 
be  true,  and  yet  may  never  be  capable  of 
proof.  Seeing,  for  instance,  that  the  old- 
est known  mammals,  reptiles,  and  fishes 
strictly  belong  to  their  proper  classes, 
though  some  of  these  old  forms  are  in  a 
slight  degree  less  distinct  from  each  other 
than  are  the  typical  members  of  the  same 
groups  at  the  present  day,  it  would  be 
vain  to  look  for  animals  having  the  com- 
mon embryological  character  of  the  Ver- 
tebrata,  until  beds  rich  in  fossils  are  dis- 
covered far  beneath  the  lowest  Cambrian 
strata — a  discovery  of  which  the  chance 
is  small. 

On  the  Succession  of  the  same  Types  with- 
in the  same  Areas,  during  the  later 
Tertiary  periods. 

601.  Mr,  Clift  many  years  ago  showed 
that  the  fossil  mammals  from  the  Austra- 
lian caves  were  closely  allied  to  the  liv- 
ing marsupials  of  that  continent.  _  In 
South  America,  a  similar  relationship  is 
manifest,  even  to  an  uneducated  eye,  in 


the  gigantic  pieces  of  armor,  like  those  of 
the  armadillo,  found  in  several  parts  of 
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La  Plata ;  and  Professor  Owen  has  shown 
in  the  most  striking  manner  that  most  of 
the  fossil  mammals,  buried  there  in  such 
numbers,  are  related  to  South  American 
types.  This  relationship  is  even  more 
clearly  seen  in  the  wonderful  collection 
of  fossil  bones  made  by  MM.  Lund  and 
Clausen  in  the  caves  of  Brazil.  I  was  so 
much  impressed  with  these  facts  that  I 
strongly  insisted,  in  1839  and  1845,  on 
this  "  law  of  the  succession  of  types," — 
on  "  this  wonderful  relationship  in  the 
same  continent  between  the  dead  and  the 
living."  Professor  Owen  has  subsequent- 
ly extended  the  same  generalization  to 
the  mammals  of  the  Old  World.  We  see 
the  same  law  in  this  author's  restorations 
of  the  extinct  and  gigantic  birds  of  New 
Zealand.  We  see  it  also  in  the  birds  of 
the  caves  of  Brazil.  Mr.  Woodward  has 
shown  that  the  same  law  holds  good  with 
sea-shells,  but,  from  the  wide  distribu- 
tion of  most  molluscs,  it  is  not  well  dis- 
played by  them.  Other  cases  could  be 
added  as  the  relation  between  the  extinct 
and  living  land-shells  of  Madeira;  and 
between  the  extinct  and  living  brack- 
ish water-shells  of  the  Aralo-Caspian 
Sea. 

602.  Now  what  does  this  remarkable 
law  of  the  succession  of  the  same  types 
within  the  same  areas  mean  ?  He  would 
be  a  bold  man  who,  after  comparing  the 
present  climate  of  Australia  and  of 
parts  of  South  America,  under  the  same 
latitude,  would  attempt  to  account,  on 
the  one  hand  through  dissimilar  physical 
conditions,  for  the  dissimilarity  of  the 
inhabitants  of  these  two  continents ;  and, 
on  the  other  hand  through  similarity  of 
conditions,  for  the  uniformity  of  the  same 
types  in  each  continent  during  the  later 
tertiary  periods.  Now  can  it  be  pretended 
that  it  is  an  immutable  law  that  marsu- 
pials should  have  been  chiefly  or  solely 
produced  in  Australia  ;  or  that  Edentata 
and  other  American  types  should  have 
been  solely  produced  in  South  America. 
For  we  know  that  Europe  in  ancient  times 
was  peopled  by  numerous  marsupials ; 
and  I  have  shown  in  the  publications 
above  alluded  to,  that  in  America  the  law 
of  distribution  of  terrestrial  mammals  was 
formerly  different  from  what  it  now  is. 
North  America  formerly  partook  strongly 
of  the  present  character  of  the  southern 
half  of  the  continent ;  and  the  southern 
half  was  formerly  more  closely  allied, 
than  it  is  at  present,  to  the  northern  half. 
In  a  similar  manner  we  know,  from  Fal- 
coner and  Cautley's  discoveries,  that 


Northern  India  was  formerly  more  closely 


related  in  its  mammals  to  Africa  than  it 
is  at  the  present  time.  Analogous  facts 
could  be  given  in  relation  to  the  dis- 
tribution of  marine  animals. 

603.  On  the  theory  of    descent  with 
modification,  the  great   law  of  the  long 
enduring,  but  not  immutable,  succession 
of  the  same  types  within  the  same  areas, 
is  at  once  explained  ;  for  the  inhabitants 
of  each  quarter  of  the  world  will  obvious- 
ly tend  to  leave  in  that  quarter,  during 
the  next  succeeding  period  of  time,  close- 
ly allied  though  in  some  degree  modified 
descendants.     If  the  inhabitants  of  one 
continent  formerly  differed  greatly  from 
those  of  another  continent,  so  will  theii 
modified  descendants  still  differ  in  nearly 
the  same  manner  and  degree.     But  after 
very   long  intervals  of  time,   and  after 
great  geographical  changes,   permitting 
much    intermigration,    the    feebler    witt 
yield  to  the  more  dominant  forms,  and 
there  will  be   nothing  immutable  in  the 
distribution  of  organic  beings. 

604.  It    may    be     asked    in    ridicule, 
whether  I  suppose  that  the  megatherium 
and  other  allied   huge  monsters,  which 
formerly  lived  in  South   America,  have 
left  behind  them  the  sloth,  armadillo  and 
ant-eater  as  their  degenerate  descendants. 
This  cannot  for  an  instant  be  admitted. 
These  huge  animals  have  become  wholly 
extinct,  and  have  left  no  progeny.     But 
in  the  caves  of  Brazil,  there  are  many  ex- 
tinct species  which  are  closely  allied  in  size 
and  in  all  other  characters  to  the  species 
still  living  in  South  America ;  and  some 
of  these  fossils  may  have  been  the  actual 
progenitors   of    the   living    species.      It 
must  not  be  forgotten  that,  on  our  theory, 
all  the  species  of  the  same  genus  are  the 
descendants  of  some  one  species  ;  so  that, 
if  six  genera,  each  having  eight  species, 
be   found    in  one  geological   formation, 
and  in  a  succeeding  formation  there  be 
six  other  allied   or  representative  genera 
each  with  the  same  number  of  species, 
then  we  may  conclude  that  generally  only 
one  species  of  each  of  the  older  genera 
has  left  modified  descendants,  which  con- 
stitute  the    new   genera    containing  the 
several  species ;  the  other  seven   species 
of  each  old  genus  having  died  out  and 
left  no  progeny.     Or,  and  this  will  be  a 
far  commoner  case,  two  or  three   species 
in  two  or  three  alone  of  the   six  older 
genera   will  be   the   parents  of  the  new 
genera :  the  other  species  and  the  other 
whole  genera  having  become  utterly  ex- 
tinct.    In  failing  orders,  with  the  genera 
and  species  decreasing  in  numbers  as  is 
the  case   with  the    Edentata   of    South 
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America,  still  fewer  genera  and  species 
will  leave  modified  blood-descendants. 

Summary  of  the  preceding  and  present 
Chapters. 

605.  I  have  attempted  to  show  that 
the  geological  record  is  extremely  imper- 
fect ;  that  only  a  small  portion  of  the 
globe  has  been  geologically  explored  with 
rare  ;  that  only  certain  classes  of  organic 
beings  have  been  largely  preserved  in  a 
fossil  state ;  that  the  number  both  of 
specimens  and  of  species,  preserved  in  our 
museums,  is  absolutely  as  nothing  com- 
pared with  the  number  of  generations 
which  must  have  passed  away  even  dur- 
ing a  single  formation ;  that,  owing  to 
subsidence  being  almost  necessary  for 
ihe  accumulation  of  deposits  rich  in  fossil 
species  of  many  kinds,  and  thick  enough 
10  outlast  future  degradation,  great  inter- 
vals of  time  must  have  elapsed  between 
most  of  our  successive  formations;  that 
t  here  has  probably  been  more  extinction 
•luring  the  periods  of  subsidence,  and 
more  variation  during  the  periods  of  ele- 
vation, and  during  the  latter  the  record 
will  have  been  least  perfectly  kept ;  that 
each  single  formation  has  not  been  con- 
tinuously deposited  ;  that  the  duration  of 
each  formation  is,  probably,  short  com- 
pared with  the  average  duration  of  spe- 
cific forms  ;  that  migration  has  played  an 
important  part  in  the  first  appearance  of 
new  forms  in  any  one  area  and  formation  ; 
that  widely  ranging  species  are  those 
which  have  varied  most  frequently,  and 
have  oftenest  given  rise  to  new  species ; 
that  varieties  have  at  first  been  local ;  and 
lastly,  although  each  species  must  have 
passed  through  numerous  transitional 
stages,  it  is  probable  that  the  periods, 
during  which  each  underwent  modifica- 
tion, though  many  and  long  as  measured 
by  years,  have  been  short  in  comparison 
with  the  periods  during  which  each  re- 
mained in  an  unchanged  condition. 
These  causes,  taken  conjointly,  will  to  a 
large  extent  explain  why — though  we  do 
find  many  links — we  do  not  find  intermi- 
nable varieties,  connecting  together  all 
extinct  and  existing  forms  by  the  finest 
graduated  steps.  It  should  also  be  con- 
stantly borne  in  mind  that  any  linking 
variety  between  two  forms,  which  might 
be  found,  would  be  ranked,  unless  the 
whole  chain  could  be  perfectly  restored, 
as  a  new  and  distinct  species  ;  for  it  is 
not  pretended  that  we  have  any  sure  cri- 
terion by  which  species  and  varieties  can 
be  discriminated. 


606.  He  who  rejects  this  view  of  the 
imperfection  of  the  geological  record,  will 
rightly  reject  the  whole  theory.     For  he 
may  ask  in  vain  where  are  the  numberless 
transitional    links   which   must    formerly 
have  connected  the  closely  allied  or  repre- 
sentative species,  found  in  the  successive 
stages  of  the  same  great  formation  ?     He 
may  disbelieve  in  the  immense  intervals  of 
time  which  must  have  elapsed  between  our 
consecutive  formations  ;  he  may  overlook 
how  important  a  part  migration  has  played 
when  the  formations  of  any  one  great  re- 
gion, as  those  of  Europe,  are  considered  ; 
he  may  urge  the  apparent,  but  often  falsely 
apparent,  sudden    coming    in    of  whole 
groups  of  species.     He   may  ask  where 
are  the  remains  of  those  infinitely  numer- 
ous organisms  which  must  have  existed 
long  before  the  Cambrian  system  was  de- 
posited ?     We  now  know  that  at  least  one 
animal  did  then  exist ;  but  I  can  answer 
this  last  question  only  by  supposing  that 
where  our  oceans  now  extend  they  have 
extended   for  an  enormous  period,  and 
where  our  oscillating  continents  now  stand 
they  have  stood  since  the  commencement 
of  the  Cambrian  system  ;  but  that,  long  be- 
fore that  epoch,  the   world  presented   a 
widely  different  aspect ;  and  that  the  older 
continents,   formed  of  formations  older 
than  any  known  to  us,  exist  now  only  as 
remnants  in  a  metamorphosed  condition, 
or  lie  still  buried  under  the  ocean. 

607.  Passing  from  these  difficulties,  the 
other  great  leading  facts  in  paleontology 
agree  admirably  with  the  theory  of  descent 
with  modification  through  variation  and 
natural  selection.     We  can  thus  under- 
stand how  it  is  that  new  species  come  in 
slowly  and  successively ;  how  species  of 
different  classes  do  not  necessarily  change 
together,  or  at  the  same  rate,  or  in  the 
same  degree ;  yet  in  the  long  run  that  all 
undergo  modification  to  some  extent.   The 
extinction  of  old  forms  is  the  almost  in- 
evitable consequence  of  the  production  of 
new   forms.     We  can    understand   why 
when  a  species  has  once  disappeared  it 
never  reappears.     Groups  of  species  in- 
crease  in   numbers  slowly,  and   endure 
for  unequal  periods  of  time ;  for  the  proc- 
ess of  modification  is   necessarily  slow, 
and  depends  on  many  complex  contingen- 
cies.    The  dominant  species  belonging  to 
large  and  dominant  groups  tend  to  leave 
many  modified  descendants,  which  form 
new  sub-groups  and  groups.     As  these 
are  formed,  the  species  of  the  less  vigorous 
groups,   from  their  inferiority   inherited 
from  a  common  progenitor,  tend  to  be- 
come extinct  together,  and  to  leave   no 
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modified  ofrspring  on  the  face  of  the  earth. 
But  the  utter  extinction  of  a  whole  group 
of  species  has  sometimes  been  a  slow  proc- 
ess, from  the  survival  of  a  few  descend- 
ants, lingering  in  protected  and  isolated 
situations.  When  a  group  has  once 
wholly  disappeared,  it  does  not  reappear  ; 
for  the  link  of  generation  has  been  bro- 
ken. 

608.  We  can  understand  how  it  is  that 
dominant  forms  which  spread  widely  and 
yield  the  greatest  number  of  varieties  tend 
to  people  the  world  with  allied,  but  modi- 
fied, descendants ;   and  these  will  gen- 
erally succeed  in  displacing  the  groups 
which  are  their  inferiors  in  the  struggle 
for  existence.     Hence,  after  long  intervals 
of  time,  the  productions  of  the  world  ap- 
pear to  have  changed  simultaneously. 

609.  We  can  understand  how  it  is  that, 
all  the  forms  of  life,  ancient  and  recent, 
make  together  a  few  grand  classes.     We 
can  understand,  from  the  continued  tend- 
ency to  divergence  of  character,  why  the 
more  ancient  a  form  is,  the  more  it  gen- 
erally differs  from  those  now  living ;  why 
ancient  and  extinct  forms  often  tend  to 
fill  up  gaps  between  existing  forms,  some- 
times blending  two    groups,   previously 
classed  as  distinct,  into  one ;  but  more 
commonly  bringing  them    only  a    little 
closer  together.      The  more    ancient  a 
form  is,  the  more  often  it  stands  in  some 
degree  intermediate  between  groups  now 
distinct ;  for  the  more  ancient  a  form  is, 
the  more  nearly  it  will  be  related  to,  and 
consequently  resemble,  the  common  pro- 
genitor of  groups,  since   become  widely 
divergent.    Extinct  forms  are  seldom  di- 
rectly    intermediate     between     existing 
forms ;  but  are   intermediate  only  by  a 
long  and  circuitous  course  through  other 
extinct  and    different    forms.     We    can 
clearly  see  why  the  organic  remains   of 
closely  consecutive  formations  are  closely 
allied  ;  for  they  are  closely  linked  together 
by  generation.     We  can  clearly  see  why 
the  remains  of  an  intermediate  formation 
are  intermediate  in  character. 

610.  The  inhabitants  of  the  world   at 
each  successive  period  in  its  history  have 
beaten  their  predecessors  in  the  race  for 
life,  and  are,  in  so  far,  higher  in  the  scale, 
and  their  structure  has  generally  become 
more  specialized;  and  this  may  account 
for  the  common  belief  held  by  so  many 
paleontologists,  that  organization  on  the 
whole  has  progressed.    Extinct  and  an- 
cient animals  resemble  to  a  certain  extent 
the  embryos  of  the  more  recent  animals 
belonging  to  the  same  classes,  and  this 
wonderful  fact  receives  a  simple  explana- 
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tion  according  to  our  views.  The  succes- 
sion of  the  same  types  of  structure  within 
the  same  areas  during  the  later  geological 
periods  ceases  to  be  mysterious,  and  is  in- 
telligible on  the  principle  of  inheritance. 

611.  If  then  the  geological  record  be 
as  imperfect  as  many  believe,  and  it  may 
at  least  be  asserted  that  the  record  can« 
not  be  proved  to  be  much  more  perfect, 
the  main  objections  to  the  theory  of  natu- 
ral selection  are  greatly  diminished  or  dis- 
appear. On  the  other  hand,  all  the  chief 
laws  of  paleontology  plainly  proclaim,  as 
it  seems  to  me,  that  species  have  been  pro- 
duced by  ordinary  generation  ;  old  forms 
having  been  supplanted  by  new  and  im- 
proved forms  of  life,  the  products  of  Va- 
riation and  the  Survival  of  the  Fittest. 


CHAPTER  XII. 

GEOGRAPHICAL  DISTRIBUTION. 

Present  distribution  cannot  be  accounted  for  by 
differences  in  physical  conditions— Importance 
of  barriers — Affinity  of  the  productions  of  the 
same  continent — Centers  of  creation — Means  of 
dispersal  by  changes  of  climate  and  of  the  level 
of  the  land,  and  by  occasional  means — Disper- 
sal during  the  Glacial  period— Alternate  Glacial 
periods  in  the  North  and  South. 

6 1 2.  IN  considering  the  distribution  of 
organic  beings  over  the  face  of  the  globe, 
the  first  great  fact  which  strikes  us  is,  that 
neither  the  similarity  nor  the  dissimilarity 
of  the  inhabitants  of  various  regions  can 
be  wholly  accounted  for  by  climatal  and 
other  physical  conditions.  Of  late,  al- 
most every  author  who  has  studied  the 
subject  has  come  to  this  conclusion.  The 
case  of  America  alone  would  almost  suf- 
fice to  prove  its  truth :  for  if  we  exclude 
the  arctic  and  northern  temperate  parts, 
all  authors  agree  that  one  of  the  most 
fundamental  divisions  in  geographical  dis- 
tribution is  that  between  the  New  and  Old 
Worlds ;  yet  if  we  travel  over  the  vast 
American  continent,  from  the  central 
parts  of  the  United  States  to  its  extreme 
southern  point,  we  meet  with  the  most  di- 
versified conditions  ;  humid  districts,  arid 
deserts,  lofty  mountains,  grassy  plains,  for- 
ests, marshes,  lakes,  and  great  rivers,  un- 
der almost  every  temperature.  There  is 
hardly  a  climate  or  condition  in  the  Old 
World  which  cannot  be  paralleled  in  the 
New — at  least  as  closely  as  the  same  spe- 
cies generally  require.  No  doubt  small 
areas  can  be  pointed  out  in  the  Old  World 
hotter  than  any  in  the  New  World,  but 
these  are  not  inhabited  by  a  fauna  differ- 
ent from  that  of  the  surrounding  districts ; . 
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for  it  is  rare  to  find  a  group  of  organisms 
confined  to  a  small  area,  of  which  the  con- 
ditions are  peculiar  in  only  a  slight  de- 
gree. Notwithstanding  this  general  par- 
allelism in  the  conditions  of  the  Old  and 
New  Worlds,  how  widely  different  are 
their  living  productions ! 

613.  In  the  southern  hemisphere,  if  we 
compare  large  tracts  of  land  in  Australia, 
South  Africa,  and  western  South  America, 
between  latitudes  25°  and  35°,  we  shall 
find  parts  extremely  similar  in   all  their 
conditions,  yet  it  would  not  be   possible 
to  point  out  three  faunas  and  floras  more 
utterly    dissimilar.     Or,    again,  we    may 
compare  the  productions  of  South  Amer- 
ica south  of  lat.  35°  with  those  north  of 
25°,  which  consequently  are  separated  by 
-i  space  of  ten  degrees  ol  latitude  and  are 
exposed  to  considerably  different  condi- 
tions, yet   they   are   incomparably   more 
closely  related  to  each  other  than  they  are 
to  the  productions  of  Australia  or  Africa 
under  nearly  the  same  climate.     Analo- 
gous facts  could  be  given  with  respect  to 
the  inhabitants  of  the  sea. 

614.  A  second  great  fact  which  strikes 
us  in  our  general  review  is,  that  barriers 
of  any  kind,  or  obstacles  to  free  migra- 
tion, are  related  in  a  close  and  important 
manner  to  the  differences   between  the 
productions  of  various  regions.     We  see 
this  in  the  great  difference  in  nearly  all 
the   terrestrial  productions   of  the  New 
and  Old  Worlds,  excepting  in  the  northern 
parts,  where  the  land  almost  joins,  and 
where,  under  a  slightly  different  climate, 
there  might  have  been  free  migration  for 
the  northern  temperate  forms,  as   there 
now  is  for  the  strictly  arctic  productions. 
We  see  the  same  fact  in  the  great  differ- 
ence between  the  inhabitants  of  Australia, 
Africa,  and   South   America  under  the 
same  latitude ;  for  these  countries    are 
almost  as  much  isolated  from  each  other 
as  is  possible.     On  each  continent,  also, 
we  see  the  same  fact ;  for  on  the  opposite 
sides  of  lofty  and  continuous  mountain- 
ranges,  of  great  deserts,  and  even  of  large 
rivers,    we     find  different    productions ; 
though  as  mountain-chains,  deserts,  etc., 
are  not  as  impassable,  or  likely  to  have 
endured  so  long,  as  the  oceans  separating 
continents,  the  differences-  are  very  infe- 
rior in  degree  to  those  characteristic  of 
distinct  continents. 

615.  Turning  to  the  sea,  we  find  the 
same  law.     The   marine    inhabitants  of 
the  eastern  and  western  shores  of  South 
America  are  very  distinct,  with  extremely 
few  shells,  Crustacea  or  echinodermata 
in  common ;   but   Dr.  Gunther  has  re- 


cently shown  that  about  thirty  per  cent 
of  the  hshes  are  the  same  on  the  opposite 
sides  of  the  isthmus  of  Panama  ;  and  this 
fact  has  led  naturalists  to  believe  that  the 
isthmus  was  formerly  open.  Westward 
of  the  shores  of  America,  a  wide  space  of 
open  ocean  extends,  with  not  an  island 
as  a  halting-place  for  emigrants ;  here 
we  have  a  barrier  of  another  kind,  and  as 
soon  as  this  is  passed  we  meet  in  the 
eastern  islands  of  the  Pacific  with  another 
and  totally  distinct  fauna.  So  that  three 
marine  faunas  range  far  northward  and 
southward  in  parallel  lines  not  far  from 
each  other,  under  corresponding  climates, 
but  from  being  separated  from  each  othef 
by  impassable  barriers,  either  of  land  or 
open  sea,  they  are  almost  wholly  distinct. 
On  the  other  hand,  proceeding  still 
farther  westward  from  the  eastern  islands 
of  the  tropical  parts  of  the  Pacific,  we 
encounter  no  impassable  barriers,  and 
we  have  innumerable  islands  as  halting 
places,  or  continuous  coasts,  until,  after 
traveling  over  a  hemisphere,  we  come  to 
the  shores  of  Africa ;  and  over  this  vast 
space  we  meet  with  no  well-defined  and 
distinct  marine  faunas.  Although  so  few 
marine  animals  are  common  to  the 
above-named  three  approximate  faunas 
of  Eastern  and  Western  America  and  the 
eastern  Pacific  islands,  yet  many  fishes 
range  from  the  Pacific  into  the  Indian 
Ocean,  and  many  shells  are  common  to 
the  eastern  islands  of  the  Pacific  and  the 
eastern  shores  of  Africa  on  almost  exactly 
opposite  meridians  of  longitude. 

6 1 6.  A  third  great  fact,  partly  included 
in  the  foregoing  statement,  is  the  affinity 
of  the  productions  of  the  same  continent 
or  of  the  same  sea,  though  the  species 
themselves  are  distinct  at  different  points 
and  stations.  It  is  a  law  of  the  widest 
generality,  and  every  continent  offers  in- 
numerable instances.  Nevertheless  the 
naturalist,  in  traveling,  for  instance, 
from  north  to  south,  never  fails  to  be 
struck  by  the  manner  in  which  successive 
groups  of  beings,  specifically  distinct, 
though  nearly  related,  replace  each  other. 
He  hears  from  closely  allied,  yet  distinct 
kinds  of  birds,  notes  nearly  similar,  and 
sees  their  nests  similarly  constructed,  but 
not  quite  alike,  with  eggs  colored  in 
nearly  the  same  manner.  The  plains 
near  the  Straits  of  Magellan  are  inhabited 
by  one  species  of  Rhea  (American 
ostrich),  and  northward  the  plains  of  La 
Plata  by  another  species  of  the  same 
genus  ;  and  not  by  a  true  ostrich  or  emu, 
like  those  inhabiting  Africa  and  Austra- 
lia under  the  same  latitude.  On  these 
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same  plains  of  La  Plata,  we  see  the 
agouti  and  bizcacha,  animals  having 
nearly  the  same  habits  as  our  hares  and 
rabbits  and  belonging  to  the  same  order 
of  Rodents,  but  they  plainly  display  an 
American  type  of  structure.  We  ascend 
the  lofty  peaks  of  the  Cordillera,  and  we 
find  an  alpine  species  of  bizcacha ;  we 
look  to  the  waters,  and  we  do  not  find 
the  beaver  or  musk-rat,  but  the  coypu 
and  capybara,  rodents  of  the  S.  American 
type.  Innumerable  other  instances  could 
be  given.  If  we  look  to  the  islands  off 
the  American  shore,  however  much  they 
may  differ  in  geological  structure,  the 
inhabitants  are  essentially  American, 
though  they  may  be  all  peculiar  species. 
We  may  look  back  to  past  ages,  as  shown 
in  the  last  chapter,  and  we  find  American 
types  then  prevailing  on  the  American 
continent  and  in  the  American  seas.  We 
see  in  these  facts  some  deep  organic 
bond,  throughout  space  and  time,  over 
the  same  areas  of  land  and  water,  inde- 
pendently of  physical  conditions.  The 
naturalist  must  be  dull,  who  is  not  led  to 
inquire  what  this  bond  is. 

617.  The  bond  is  simply  inheritance, 
that  cause  which  alone,  as  far  as  we 
positively  know,  produces  organisms 
quite  like  each  other,  or,  as  we  see  in  the 
case  of  varieties,  nearly  alike.  The  dis- 
similarity of  the  inhabitants  of  different 
regions  may  be  attributed  to  modification 
through  variation  and  natural  selection, 
and  probably  in  a  subordinate  degree  to 
the  definite  influence  of  different  physical 
conditions.  The  degrees  of  dissimilarity 
will  depend  on  the  migration  of  the  more 
dominant  forms  of  life  from  one  region 
into  another  having  been  more  or  less 
effectually  prevented,  at  periods  more  or 
less  remote  ; — on  the  nature  and  number 
of  the  former  immigrants ; — and  on  the 
action  of  the  inhabitants  on  each  other  in 
leading  to  the  preservation  of  different 
modifications :  the  relation  of  organism 
to  organism  in  the  struggle  for  life  being, 
as  I  have  already  often  remarked,  the 
most  important  of  all  relations.  Thus 
the  high  importance  of  barriers  comes  into 
play  by  checking  migration  ;  as  does  time 
for  the  slow  process  of  modification 
through  natural  selection.  Widely-rang- 
ing species,  abounding  in  individuals, 
which  have  already  triumphed  over  many 
competitors  in  their  own  widely-extended 
homes,  will  have  the  best  chance  of  seiz- 
ing on  new  places,  when  they  spread  into 
new  countries.  In  their  new  homes  they 
will  be  exposed  to  new  conditions,  and 
will  frequently  undergo  further  modifica- 


tion and  improvement;  and  thus  they 
will  become  still  further  victorious,  and 
will  produce  groups  of  modified  descend- 
ants. On  this  principle  of  inheritance 
with  modification,  we  can  understand 
how  it  is  that  secitons  of  genera,  whole 
genera,  and  even  families,  are  confined 
to  the  same  areas,  as  is  so  commonly  and 
notoriously  the  case. 

6 1 8.  There  is  no  evidence,  as  was  re- 
marked in  the  last  chapter,  of  the  existence 
of  any  law  of  necessary  development.     As 
the  variability  of  each  species  is  an  inde- 
pendent property,  and  will  be  taken  ad- 
vantage of  by  natural  selection,  only  so 
far  as  it  profits  each  individual  in  its  com- 
plex struggle  for  life,  so  the  amount  of 
modification  in  different  species  will  be  no 
uniform  quantity.    If  a  number  of  species, 
after  having  long  competed  with   each 
other  in  their  old  home,  were  to  migrate 
in  a  body  into  a  new   and    afterward 
isolated   country,   they  would    be    little 
liable  to  modification ;  for  neither  migra- 
tion nor  isolation  in  themselves  effect  any- 
thing.   These  principles  come  into  play 
only  by  bringing  organisms  into  new  rela- 
tions  with   each   other,  and  in  a  lesser 
degree  with    the    surrounding    physical 
conditions.     As  we  have  seen  in  the  last 
chapter  that  some  forms  have  retained 
nearly    the    same    character    from    an 
enormously  remote  geological  period,  so 
certain  species  have  migrated  over  vast 
spaces,  and  have  not  become  greatly  or 
at  all  modified. 

619.  According  to  these  views,  it  is 
obvious  that  'the  several  species  of  the 
same  genus,  though  inhabiting  the  most 
distant    quarters    of    the    world,    must 
originally  have  proceeded  from  the  same 
source,  as  they  are  descended  from  the 
same  progenitor.     In  the  case  of  those 
species,   which   have   undergone   during 
whole  geological  periods  little  modifica- 
tion, there  is  not  much  difficulty  in  believ- 
ing that  they  have  migrated  from  the 
same  region ;  for  during  the  vast  geo- 
graphical and   climatal    changes    which 
have   supervened    since    ancient    times, 
almost  any  amount  of  migration  is  possi- 
ble.   But  in  many  other  cases,  in  which 
we  have  reason  to  believe  that  the  species 
of  a  genus  have  been  produced  within 
comparatively  recent  times,  there  is  great 
difficulty  on  this  head.     It  is  also  obvious 
that  the  individuals  of  the  same  species, 
though    now     inhabiting     distant     and 
isolated  regions,  must   have    proceeded 
from  one  spot,  where  their  parents  were 
first  produced  :  for,  as  has  been  explained, 
it  is  incredible  that  individuals  identically 
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the  same  should  have    been  produced 
from  parents  specifically  distinct. 

Single  Centers  of  supposed  Creation. 

620.  We  are  thus  brought  to  the  ques- 
tion which  has  been  largely  discussed  by 
naturalists,  namely  whether  species  have 
been  created  at  one  or  more  points  of  the 
earth's  surface.  Undoubtedly  there  are 
many  cases  of  extreme  difficulty  in 
understanding  how  the  same  species 
could  possibly  have  migrated  from  some 
one  point  to  the  several  distant  and 
isolated  points,  where  now  found. 
Nevertheless  the  simplicity  of  the  view 
that  each  species  was  first  produced 
within  a  single  region  captivates  the 
mind.  He  who  rejects  it,  rejects  the 
vera  causa  of  ordinary  generation  with 
subsequent  migration,  and  calls  in  the 
agency  of -a  miracle.  It  is  universally 
admitted,  that  in  most  cases  the  area 
inhabited  by  a  species  is  continuous ;  and 
that  when  a  plant  or  animal  inhabits  two 
points  so  distant  from  each  other,  or  with 
an  interval  of  such  a  nature,  that  the 
space  could  not  have  been  easily  passed 
over  by  migration,  the  fact  is  given  as 
something  remarkable  and  exceptional. 
The  incapacity  of  migrating  across  a  wide 
sea  is  more  clear  in  the  case  of  terrestrial 
mammals  than  perhaps  with  any  other 
organic  beings  ;  and,  accordingly,  we  find 
no  inexplicable  instances  of  the  same 
mammals  inhabiting  distant  points  of  the 
world.  No  geologist  feels  any  difficulty 
in  Great  Britain  possessing  the  same 
quadrupeds  with  the  rest  of  Europe,  for 
they  were  no  doubt  once  united.  But  if 
the  same  species  can  be  produced  at  two 
separate  points,  why  do  we  not  find  a 
single  mammal  common  to  Europe  and 
Australia  or  South  America  ?  The  con- 
ditions of  life  are  nearly  the  same,  so 
that  a  multitude  of  European  animals  and 
plants  have  become  naturalized  in  Amer- 
ica and  Australia;  and  some  of  the 
aboriginal  plants  are  identically  the  same 
at  these  distant  points  of  the  northern  and 
southern  hemispheres?  The  answer,  as 
I  believe,  is,  that  mammals  have  not  been 
able  to  migrate,  whereas  some  plants, 
from  their  varied  means  of  dispersal,  have 
migrated  across  the  wide  and  broken 
interspaces.  The  great  and  striking 
influence  of  barriers  of  all  kinds,  is 
intelligible  only  on  the  view  that  the 
great  majority  of  species  have  been  pro- 
duced on  one  side,  and  have  not  been 
able  to  migrate  to  the  opposite  side. 
Some  few  families,  many  sub-families, 
very  many  genera,  and  a  still  greater 
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number  of  sections  oi  genera,  are  con- 
fined to  a  single  region ;  and  it  has  been 
observed  by  several  naturalists,  that  the 
most  natural  genera,  or  those  genera  in 
which  the  species  are  most  closely  related 
to  each  other,  are  generally  confined  to 
the  same  country,  or  if  they  have  a  wide 
range  that  their  range  is  continuous. 
What  a  strange  anomaly  it  would  be,  if  a 
directly  opposite  rule  were  to  prevail,  when 
we  go  down  one  step  lower  in  the  series, 
namely,  to  the  individuals  of  the  same 
species,  and  these  had  not  been,  at  least 
at  first,  confined  to  some  one  region  ! 

621.  Hence  it  seems  to  me,  as  it  has  to 
many  other  naturalists,  that  the  view  of 
each  species  having  been  produced  in  one 
area  alone,  and  having  subsequently 
migrated  from  that  area  as  far  as  its 
powers  of  migration  and  subsistence  under 
past  and  present  conditions  permitted,  is 
the  most  probable.  Undoubtedly  many 
cases  occur,  in  which  we  cannot  explain 
how  the  same  species  could  have  passed 
from  one  point  to  the  other.  But  the 
geographical  and  climatal  changes,  which 
have  certainly  occurred  within  recent 
geological  times,  must  have  rendered 
discontinuous  the  formerly  continuous 
range  of  many  species.  So  that  we  are 
reduced  to  consider  whether  the  excep- 
tions to  continuity  of  range  are  so 
numerous  and  of  so  grave  a  nature,  that 
we  ought  to  give  up  the  belief,  rendered 
probable  by  general  considerations,  that 
each  species  has  been  produced  within 
one  area,  and  has  migrated  thence  as 
far  as  it  could.  It  would  be  hopelessly 
tedious  to  discuss  all  the  exceptional 
cases  of  the  same  species,  now  living  at 
distant  and  separated  points,  nor  do  1  for 
a  moment  pretend  that  any  explanation 
could  be  offered  of  many  instances.  But, 
after  some  preliminary  remarks,  I  will 
discuss  a  few  of  the  most  striking  classes 
of  facts ;  namely,  the  existence  of  the 
same  species  on  the  summits  of  distant 
mountain  ranges,  and  at  distant  points  in 
tne  arctic  and  antarctic  regions ;  and 
secondly  (in  the  following  chapter),  the 
wide  distribution  of  fresh-water  produc- 
tions ;  and  thirdly,  the  occurrence  of  the 
same  terrestrial  species  on  islands  and 
on  the  nearest  mainland,  though  sepa- 
rated by  hundreds  of  miles  of  open  sea. 
If  the  existence  of  the  same  species  at 
distant  and  isolated  points  of  the  earth's 
surtace,  can  in  many  instance's  be  ex- 
plained on  the  view  of  each  species  hav- 
ing migrated  from  a  single  birthplace ; 
then,  considering  our  ignorance  with  re- 
spent  to  former  climatal  and  geographi' 
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cal  changes  and  to  the  various  occasional 
means  of  transport,  the  belief  that  a  sin- 
gle birthplace  is  the  law,  seems  to  me 
incomparably  the  safest. 

622.  In   discussing    this    subject,    we 
shall  be  enabled  at  the  same  time  to  con- 
sider a  point  equally  important  for   us, 
namely,  whether  the  several  species  of  a 
genus,  which  must  on  our  theory  all  be 
descended   from  a  common  progenitor, 
can  have  migrated,  undergoing  modifica- 
tion during  their  migration,  from  some 
one  area.     If,  when  most  of  the  species 
inhabiting  one  region  are  different  from 
those  of  another  region,  though  closely 
allied   to   them,   it  can    be  shown  that 
migration  from  the  one   region  to  the 
other   has    probably  occurred  at  some 
former  period,  our  general  view  will  be 
much  strengthened ;  for  the  explanation 
is  obvious  on  the  principle   of    descent 
with  modification.     A  volcanic  island,  for 
instance,  upheaved  and   formed  at  the 
distance    of   a    few  hundreds  of  miles 
from  a  continent,  would  probably  receive 
from   it   in    the    course  of  time  a  few 
colonists,  and  their  descendants,  though 
modified,  would  still  be  related  by  inheri- 
tance to  the  inhabitants  of  that  continent. 
Cases  of  this  nature  are  common,  and 
are,  as  we  shall  hereafter  see,  inexplicable 
on  the  theory  of  independent  creation. 
This  view  of  the  relation  of  the  species  of 
one  region  to  those  of  another,  does  not 
differ  much  from  that  advanced  by  Mr. 
Wallace,    who    concludes    that    "every 
species  has  come  into  existence  coinci- 
dent both  in  space  and  time  with  a  pre- 
existing closely  allied  species."     And  it  is 
now  well  known  that  he  attributes  this 
coincidence  to  descent  with  modification. 

623.  The  question  of  single  or  multiple 
centers  of  creation  differs  from  another 
though  allied  question, — namely,  whether 
all  the  individuals  of  the  same  species  are 
descended  from  a  single  pair,  or  single 
hermaphrodite,    or    whether,     as    some 
authors  suppose,  from  many  individuals 
simultaneously  created.      With   organic 
beings  which  never  intercross,   if  such 
exist,  each  species  must  be  descended 
from  a  succession  of  modified  varieties, 
that  have  supplanted  each    other,    but 
have  never  blended  with  other  individuals 
or  varieties  of  the  same  species ;  so  that, 
at  each  successive  stage  of  modification, 
all  the  individuals  of  the  same  form  will 
be  descended  from  a  single  parent.     But 
in  the  great  majority  of  cases,  namely, 
with  all  organisms  which  habitually  unite 
for  each    birth,  or    which    occasionally 
intercross,  the  individuals   of  the  same 
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species  inhabiting  the  same  area  will  be 
kept  nearly  uniform  by  intercrossing ;  so 
that  many  individuals  will  go  on  simul- 
taneously changing,  and  the  whole 
amount  of  modification  at  each  stage  will 
not  be  due  to  descent  from  a  single 
parent.  To  illustrate  what  I  mean  :  our 
English  race-horses  differ  from  the  horses 
of  every  other  breed ;  but  they  do  not 
owe  their  difference  and  superiority  to 
descent  from  any  single  pair,  but  to  con- 
tinued care  in  the  selecting  and  training 
of  many  individuals  during  each  genera- 
tion. Before  discussing  the  three  classes 
of  facts,  which  I  have  selected  as  present- 
ing the  greatest  amount  of  difficulty  on 
the  theory  of  "  single  centers  of  creation," 
I  must  say  a  few  words  on  the  means  of 
dispersal. 

Means  of  Dispersal. 

624.  Sir  C.  Lyell  and  other  authors 
have  ably  treated  this  subject.  I  can 
give  here  only  the  briefest  abstract  of  the 
more  important  facts.  Change  of  cli- 
mate must  have  had  a  powerful  influence 
on  migration.  A  region  now  impassable 
to  certain  organisms  from  the  nature  of 
its  climate,  might  have  been  a  high  road 
for  migration,  when  the  climate  was  dif- 
ferent. I  shall,  however,  presently  have 
to  discuss  this  branch  of  the  subject  in 
some  detail.  Changes  of  level  in  the 
land  must  also  have  been  highly  influen- 
tial: a  narrow  isthmus  now  separates 
two  marine  faunas  ;  submerge  it,  or  let  it 
formerly  have  been  submerged,  and  the 
two  faunas  will  now  blend  together,  or 
may  formerly  have  blended.  Where  the 
sea  now  extends,  land  may  at  a  former 
period  have  connected  islands  or  possibly 
even  continents  together,  and  thus  have 
allowed  terrestrial  productions  to  pass 
from  one  to  the  other.  No  geologist 
disputes  that  great  mutations  of  level 
have  occurred  within  the  period  of  exist- 
ing organisms.  Edward  Forbes  insisted 
that  all  the  islands  in  the  Atlantic  must 
have  been  recently  connected  with  Eu- 
rope or  Africa,  and  Europe  likewise 
with  America.  Other  authors  have  thus 
hypothetically  bridged  over  every  ocean, 
and  united  almost  every  island  to  some 
mainland.  If  indeed  the  arguments  used 
by  Forbes  are  to  be  trusted,  it  must  be 
admitted  that  scarcely  a  single  island  ex- 
ists which  has  not  recently  been  united 
to  some  continent.  This  view  cuts  the 
Gordian  knot  of  the  dispersal  of  the  same 
species  to  the  most  distant  points,  and 
removes  many  a  difficulty;  but  to  the 
best  of  my  judgment  we  are  not  author- 
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iZed  in  admitting  such  enormous  geo- 
graphical changes  within  the  period  of 
existing  species.  It  seems  to  me  that  we 
have  abundant  evidence  of  great  oscilla- 
tions in  the  level  of  the  land  or  sea ;  but 
not  of  such  vast  changes  in  the  position 
and  extension  of  our  continents,  as  to 
have  united  them  within  the  recent  pe- 
riod to  each  other  and  to  the  several  in- 
tervening oceanic  islands.  I  freely  admit 
the  former  existence  of  many  islands, 
now  buried  beneath  the  sea,  which  may 
have  served  as  halting  places  for  plants 
and  for  many  animals  during  their  mi- 
gration. In  the  corai-producing  oceans 
such  sunken  islands  are  now  marked  by 
rings  of  coral  or  atolls  standing  over 
them.  Whenever  it  is  fully  admitted,  as 
it  will  some  day  be,  that  each  species  has 
proceeded  from  a  single  birthplace,  and 
when  in  the  course  of  time  we  know 
something  definite  about  the  means  of 
distribution,  we  shall  be  enabled  to  spec- 
ulate with  security  on  the  former  exten- 
sion of  the  land.  But  I  do  not  believe 
that  it  will  ever  be  proved  that  within  the 
recent  period  most  of  our  continents 
which  now  stand  quite  separate,  have 
been  continuously,  or  almost  continu- 
ously united  with  each  other,  and  with 
the  many  existing  oceanic  islands.  Sev- 
eral facts  in  distribution, — such  as  the 
great  difference  in  the  marine  faunas  on 
the  opposite  sides  of  almost  every  conti- 
nent,— the  close  relation  of  the  tertiary 
inhabitants  of  several  lands  and  even  seas 
to  their  present  inhabitants, — the  degree 
of  affinity  between  the  mammals  inhabit- 
ing islands  with  those  of  the  nearest  conti- 
nent, being  in  part  determined  (as  we 
shall  hereafter  see)  by  the  depth  of  the 
intervening  ocean, — these  and  other  such 
facts  are  opposed  to  the  admission  of 
such  prodigious  geographical  revolutions 
within  the  recent  period,  as  are  necessary 
on  the  view  advanced  by  Forbes  and  ad- 
mitted by  his  followers.  The  nature  and 
relative  proportions  of  the  inhabitants  of 
oceanic  islands  are  likewise  opposed  to 
the  belief  of  their  former  continuity  with 
continents.  Nor  does  the  almost  univer- 
sally volcanic  composition  of  such  islands 
favor  the  admission  that  they  are  the 
wrecks  of  sunken  continents ; — if  they 
had  originally  existed  as  continental 
mountain-ranges,  some  at  least  of  the 
islands  would  have  been  formed,  like 
other  mountain-summits,  of  granite,  met- 
amorphic  schists,  old  fossiliferous  and 
other  rocks,  instead  of  consisting  of  mere 
piles  of  volcanic  matter. 
625.  I  must  now  say  a  few  words  on 
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what  are  called  accidental  means,  but 
which  more  properly  should  be  called  oc- 
casional means  of  distribution.  I  shall 
here  confine  myself  to  plants.  In  botani- 
cal works,  this  or  that  plant  is  often 
stated  to  be  ill  adapted  for  wide  dissemi- 
nation ;  but  the  greater  or  less  facilities 
for  transport  across  the  sea  may  be  said 
to  be  almost  wholly  unknown.  Until  I 
tried,  with  Mr.  Berkeley's  aid,  a  few  ex- 
periments, it  was  not  even  known  how 
far  seeds  could  resist  the  injurious  action 
of  sea-water.  To  my  surprise  I  found 
that  out  of  87  kinds,  64  germinated  after 
an  immersion  of  28  days,  and  a  few  sur- 
vived an  immersion  of  137  days.  It  de- 
serves notice  that  certain  orders  were 
far  more  injured  than  others :  nine  Legu- 
minosae  were  'tried,  and,  with  one  excep- 
tion, they  resisted  the  salt-water  badly; 
seven  species  of  the  allied  orders,  Hydro- 
phyllaceae  and  Polemoniaceae,  were  all 
killed  by  a  month's  immersion.  For 
convenience'  sake  I  chiefly  tried  small 
seeds,  without  the  capsule  or  fruit ;  and 
as  all  of  these  sank  in  a  few  days, 
they  could  not  have  been  floated  across 
wide  spaces  of  the  sea,  whether  or  not 
they  were  injured  by  the  salt-water. 
Afterward  I  tried  some  larger  fruits, 
capsules,  etc.,  and  some  of  these  floated 
for  a  long  time.  It  is  well  known  what  a 
difference  there  is  in  the  buoyancy  of 
green  and  seasoned  timber;  and  it  oc- 
curred to  me  that  floods  would  often 
wash  into  the  sea  dried  plants  or 
branches  with  seed-capsules  or  fruit  at- 
tached to  them.  Hence  I  was  led  to  dry 
the  stems  and  branches  of  94  plants  with 
ripe  fruit,  and  to  place  them  on  sea- 
water.  The  majority  sank  quickly,  but 
some  which,  while  green,  floated  for  a 
very  short  time,  when  dried  floated  much 
longer ;  for  instance,  ripe  hazel-nuts  sank 
immediately,  but  when  dried  they  floated 
for  90  days,  and  afterward  when  planted 
germinated  ;  an  asparagus-plant  with  ripe 
berries  floated  for  23  days,  when  dried  it 
floated  for  85  days,  and  the  seeds  after- 
ward germinated ;  the  ripe  seeds  of 
Helosciadium  sank  in  two  days,  when 
dried  they  floated  for  above  90  days,  and 
afterward  germinated.  Altogether  out 
of  the  94  dried  plants,  18  floated  for 
above  28  days ;  and  seme  of  the  18 
floated  for  a  very  much  longer  period. 
So  that  as  ff  kinds  of  seeds  germinated 
after  an  immersion  of  28  days ;  and  as 
£f  distinct  species  with  ripe  fruit  (but  not 
all  the  same  species  as  in  the  foregoing 
experiment)  floated,  after  being  dried, 
for  above  28  days,  we  may  conclude,  as 
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far  a*  anything  can  be  inferred  from 
thes«  scanty  facts,  that  the  seeds  of  t"A 
kinds  of  plants  of  any  country  might  be 
floated  by  sea-currents  during  28  days, 
and  would  retain  their  power  of  germina- 
tion. In  Johnston's  Physical  Atlas,  the 
average  rate  of  the  several  Atlantic  cur- 
rents is  33  miles  per  diem  (some  currents 
running  at  the  rate  of  60  miles  per  diem); 
on  this  average,  the  seeds  of  ^  plants 
belonging  to  one  country  might  be  floated 
across  924  miles  of  sea  to  another 
country,  and  when  stranded,  if  blown  by 
an  inland  gale  to  a  favorable  spot,  would 
germinate. 

626.  Subsequently  to  my  experiments, 
M.  Martens  tried  similar  ones,  but  in  a 
much  better  manner,  for  he  placed  the 
seeds  in  a  box  in  the  actual  sea,  so  that 
they  were  alternately  wet  and  exposed  to 
the  air  like  really  floating  plants.     He 
tried    98    seeds,    mostly  different    from 
mine ;  but  he  chose  many  large  fruits 
and  likewise  seeds  from  plants  which  live 
near  the  sea;  and  this  would  have  fa- 
vored both  the  average  length  of  their 
flotation  and  their  resistance  to  the  inju- 
rious action  of  the  salt-water.     On  the 
other  hand,  he  did  not  previously  dry  the 
plants  or  branches  with  the   fruit;  and 
this,  as  we  have  seen,  would  have  caused 
some  of    them  to  have    floated    much 
longer.    The  result  was  that  $f  of  his 
seeds  of  different  kinds  floated  for  42 
days,  and  were  then  capable  of  germina- 
tion.   But  I  do  not  doubt  that  plants  ex- 
posed to  the  waves  would  float  for  a  less 
time  than  those  protected  from  violent 
movement  as  in  our  experiments.     There- 
fore it  would  perhaps  be  safer  to  assume 
that  the  seeds  of  about  ^  plants  of  a 
flora,  after  having  been  dried,  could  be 
floated  across  a  space  of  sea  900  miles  in 
width,  and  would  then  germinate.    The 
fact  of  the  larger  fruits  often  floating 
longer  than  the  small,  is  interesting ;  as 
plants  with  large  seeds  or  fruit  which,  as 
Alph.  de  Candolle  has  shown,  generally 
have  restricted  ranges,  could  hardly  be 
transported  by  any  other  means. 

627.  Seeds  may  be  occasionally  trans- 
ported in  another  manner.     Drift  timber 
is  thrown  up  on  most  islands,  even  on 
those  in  the  midst  of  the  widest  oceans  ; 
ind  the  natives  of  the  coral-islands  in  the 
Pacific  procure    stones  for    their  tools, 
solely  from  the  roots  of  drifted   trees, 
these  stones  being  a  valuable  royal  tax. 
I  find  that  when  irregularly  shaped  stones 
are  embedded  in  the  roots  of  trees,  small 
parcels  of  earth  are  frequently  enclosed 
•n  their  interstices  and  behind  them, — so 


perfectly  that  not  a  particle  could  tx. 
washed  away  during  the  longest  trans- 
port :  out  of  one  small  portion  of  earth 
thus  completely  enclosed  by  the  roots  of 
an  oak  about  50  years  old,  three  dicotyle- 
donous plants'  germinated  :  I  am  certain 
of  the  accuracy  of  this  observation. 
Again,  I  can  show  that  the  carcases  of 
birds,  when  floating  on  the  sea,  some- 
times escape  being  immediately  de- 
voured :  and  many  kinds  of  seeds  in  the 
crops  of  floating  birds  long  retain  their 
vitality ;  peas  and  vetches,  for  instance 
are  killed  by  even  a  few  days'  immersion 
in  sea- water ;  but  some  taken  out  of  the 
crop  of  a  pigeon,  which  had  floated  on  ar- 
tificial sea-water  for  30  days,  to  my  sur- 
prise nearly  all  germinated. 

628.  Living  birds  can  hardly  fail  to  be 
highly  effective  agents  in  the  transporta- 
tion of  seeds.  I  could  give  many  facts 
showing  how  frequently  birds  of  many 
kinds  are  blown  by  gales  to  vast  distances 
across  the  ocean.  We  may  safely  assume 
that  under  such  circumstances  their  rate 
of  flight  would  often  be  35  miles  an  hour ; 
and  some  authors  have  given  a  far  higher 
estimate.  I  have  never  seen  an  instance 
of  nutritious  seeds  passing  through  the 
intestines  of  a  bird;  but  hard  seeds  of 
fruit  pass  uninjured  through  even  the  di- 
gestive organs  of  a  turkey.  In  the  course 
of  two  months,  I  picked  up  in  my  garden 
12  kinds  of  seeds,  out  of  the  excrement 
of  small  birds,  and  these  seemed  perfect, 
and  some  of  them,  which  were  tried,  ger- 
minated. But  the  following  fact  is  more 
important :  the  crops  of  birds  do  not  se- 
crete gastric  juice,  and  do  not,  as  I  know 
by  trial,  injure  in  the  least  the  germina- 
tion of  seeds ;  now,  after  a  bird  has  found 
and  devoured  a  large  supply  of  food,  it  is 
positively  asserted  that  all  the  grains  do 
not  pass  into  the  gizzard  for  twelve  or 
even  eighteen  hours.  A  bird  in  this  inter- 
val might  easily  be  blown  to  the  distance 
of  500  miles,  and  hawks  are  known  to 
look  out  for  tired  birds,  and  the  contents 
of  their  torn  crops  might  thus  readily  get 
scattered.  Some  hawks  and  owls  bolt 
their  prey  whole,  and,  after  an  interval  of 
from  twelve  to  twenty  hours,  disgorge 
pellets,  which,  as  I  know  from  experi- 
ments made  in  the  Zoological  Gardens, 
include  seeds  capable  of  germination. 
Some  seeds  of  the  oat,  wheat,  millet,  ca- 
nary, hemp,  clover,  and  beet  germinated 
after  having  been  from  twelve  to  twenty- 
one  hours  in  the  stomachs  of  different 
birds  of  prey;  and  two  seeds  of  beet 
grew  after  having  been  thus  retained  for 
two  days  and  fourteen  hours.  Fresh- 
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water  fish,  I  find,  eat  seeds  of  many  land 
and  water  plants  :  fish  are  frequently  de- 
voured by  birds,  and  thus  the  seeds 
might  be  transported  from  place  to  place. 
I  forced  many  kinds  of  seeds  into  the 
stomachs  of  dead  fish,  and  then  gave 
their  bodies  to  fishing-eagles,  storks,  and 
pelicans  ;  these  birds,  after  an  interval  of 
many  hours,  either  rejected  the  seeds  in 
pellets  or  passed  them  in  their  excre- 
ment ;  and  several  of  these  seeds  retained 
the  power  of  germination.  Certain  seeds, 
however,  were  always  killed  by  this  proc- 
ess. 

629.  Locusts  are  sometimes  blown  to 
great  distances  from  the  land ;  I  myself 
caught  one  370  miles  from  the  coast  of 
Africa,  and  have  heard  of  others  caught 
at  greater  distances.     The   Rev.   R.  T. 
Lowe  informed  Sir  C.  Lyell  that  in  No- 
vember, 1844,  swarms  of  locusts  visited 
the  island   of    Madeira.     They  were  in 
countless  numbers,  as  thick  as  the  flakes 
of  snow  in  the  heaviest  snowstorm,  and 
extended  upward  as  far  as  could  be  seen 
with  a  telescope.     During  two  or  three 
days   they  slowly  careered    round    and 
round  in  an  immense  ellipse,  at  least  five 
or  six  miles  in  diameter,  and  at  night 
alighted  on  the  taller  trees,  which  were 
completely  coated  with  them.     They  then 
disappeared  over  the  sea,  as  suddenly  as 
they  had  appeared,  and  have   not  since 
visited    the    island.     Now,    in    parts  of 
Natal   it  is  believed   by  some   farmers, 
though  on  insufficient  evidence,  that  in- 
jurious seeds  are   introduced  into  their 
grass-land  in  the  dung  left  by  the  great 
flights  of  locusts  which  often  visit   that 
country.     In  consequence  of  this  belief 
Mr.  Weale  sent  me   in  a  letter  a  small 
packet  of  the  dried  pellets,  out  of  which  I 
extracted  under  the  microscope  several 
seeds,  and  raised  from  them  seven  grass 
plants,  belonging  to  two  species,  of  two 
genera.     Hence  a  swarm  of  locusts,  such 
as  that  which    visited    Madeira,    might 
readily  be  the  means  of  introducing  sev- 
eral kinds  of  plants  into  an  island  lying 
far  from  the  mainland. 

630.  Although  the   beaks  and  feet  of 
birds  are  generally  clean,  earth  sometimes 
adheres  to  them :  in  one  case  I  removed 
sixty-one  grains,   and    in    another  case 
twenty-two   grains    of    dry  argillaceous 
earth  from  the  foot  of  a  partridge,  and  in 
the  earth  there  was  a  pebble  as  large  as 
the  seed  of  a  vetch.    Here  is  a  better  case  : 
the  leg  of  a  woodcock  was  sent  to  me  by 
a  friend,  with  a  little  cake  of  dry  earth  at- 
tached to  the  shank,  weighing  only  nine 
grains  ;  and  this  contained  a  seed  of  the 


toad-rush  (Juncus  bufonius)  which  ger- 
minated and  flowered.  Mr.  Swaysland, 
of  Brighton,  who  during  the  last  forty 
years  has  paid  close  attention  to  our  mi- 
gratory birds,  informs  me  that  he  has 
often  shot  wagtails  (Motacillae),  wheat- 
ears,  and  whinchats  (Saxicolae),  on  their 
first  arrival  on  our  shores,  before  they 
had  alighted;  and  he  has  several  times 
noticed  little  cakes  of  earth  attached  to 
their  feet.  Many  facts  could  be  given 
showing  how  generally  soil  is  charged 
with  seeds.  For  instance,  Prof.  Newton 
sent  me  the  leg  of  a  red-legged  partridge 
(Caccabis  rufa)  which  had  been  wounded 
and  could  not  fly,  with  a  ball  of  hard 
earth  adhering  to  it,  and  weighing  six 
and  a  half  ounces.  The  earth  had  been 
kept  for  three  years,  but  when  broken, 
watered  and  placed  under  a  bell  glass, 
no  less  than  82  plants  sprung  from  it ; 
these  consisted  of  1 2  monocotyledons,  in- 
cluding the  common  oat,  and  at  least  one 
kind  of  grass,  and  of  70  dicotyledons, 
which  consisted,  judging  from  the  young 
leaves,  of  at  least  three  distinct  species. 
With  such  facts  before  us,  can  we  doubt 
that  the  many  birds  which  are  annually 
blown  by  gales  across  great  spaces  of 
ocean,  and  which  annually  migrate — for 
instance,  the  millions  of  quails  across  the 
Mediterranean — must  occasionally  trans- 
port a  few  seeds  embedded  in  dirt  ad- 
hering to  their  feet  or  beaks?  But  I 
shall  have  to  recur  to  this  subject. 

631.  As  icebergs  are  known  to  be 
sometimes  loaded  with  earth  and  stones, 
and  have  even  carried  brushwood,  bones, 
and  the  nest  of  a  land-bird,  it  can  hardly 
be  doubted  that  they  must  occasionally, 
as  suggested  by  Lyell,  have  transported 
seeds  from  one  part  to  another  of  the 
arctic  and  antarctic  regions ;  and  during 
the  Glacial  period  from  one  part  of  the 
now  temperate  regions  to  another.  In 
the  Azores,  from  the  large  number  of 
plants  common  to  Europe,  in  comparison 
with  the  species  on  the  other  islands  of 
the  Atlantic,  which  stand  nearer  to  the 
mainland,  and  (as  remarked  Mr.  H.  C. 
Watson)  from  their  somewhat  northern 
character  in  comparison  with  the  latitude, 
I  suspected  that  these  islands  had  been 
partly  stocked  by  ice-borne  seeds,  during 
the  Glacial  epoch.  At  my  request  Sir  C. 
Lyell  wrote  to  M.  Hartung  to  inquire 
whether  he  had  observed  erratic  boulders 
on  these  islands,  and  he  answered  that 
he  had  found  large  fragments  of  granite 
and  other  rocks,  which  do  not  occur  in 
the  archipelago.  Hence  we  may  safely 
infer  that  icebergs  formerly  landed  their 
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rocky  burdens  o»  the  shores  of  these 
mid-ocean  islands,  and  it  is  at  least  possi- 
ble that  they  may  have  bt  ought  thither 
some  few  seeds  of  northern  plants. 

632..  Considering    that    these     several 


means  of  transport,  and  that  other  means 
which  without  doubt  re.nain  to  be  dis- 
covered, have  been  in  ajtion  year  after 
year  for  tens  of  thousands  of  years,  it 
would,  I  think, 


be  a  marvelous   fact  if 


or  intestines    of 
however,  would 


many  plants  had  not  thus  become  widely 
transported.     These  means  of  transport 
are  sometimes  called  accidental,  but  this 
is  not  strictly  correct :  the  currents  of  the 
sea  are  not  accidental,  nor  is  the  direclion 
of  prevalent  gales  of  wind.     It  should  be 
observed    that    scarcely    any   means    of 
transport  would  carry  seeds  for  very  great 
distances;  for  seeds  do  not  retain   their 
vitality  when  exposed  for  a  great  length 
of  time  to  the  action  of  sea-water;  nor 
could  they  be  long  carried  in  the  crops 
'    birds.     These    means, 
suffice    for    occasional 
transport  across  tracts  of  sea  some  hun- 
dred miles  in  breadth,  or  from  island  to 
island,  or  from  a  continent  to  a  neighbor- 
ing island,  but  not  from  one  distant  con- 
tinent to  another.     The  floras  of  distant 
continents  would  not  by  such  means  be- 
come mingled ;  but  would  remain  as  dis- 
tinct as  they  now  are.     The  currents,  from 
their  course,  would  never  bring  seeds  from 
North   America  to  Britain,  though   they 
might  and  do  bring  seeds  from  the  West 
Indies  to  our  western   shores,  where,  if 
not  killed  by  their  very  long  immersion 
in  salt  water,  they  could  not  endure  our 
climate.     Almost  every  year,  one  or  two 
land-birds  are   blown   across  the  whole 
Atlantic  Ocean,  from  North  America  to 
the  western  shores  of  Ireland  and  Eng- 
land ;  but  seeds  could  be  transported  by 
these  rare  wanderers  only  by  one  means, 
namely,  by  dirt  adhering  to  their  feet  or 
beaks,  which  is  in  itself  a  rare  accident. 
Even  in  this  case,  how  small  would  be 
the  chance  of  a  seed  falling  on  favorable 
soil,   and   coming    to    maturity!     But   it 
would  be  a  great  error  to  argue  that  be- 
cause a  well-stocked    island,    like   Great 
Britain,  has  not,  as  far  as  is  known  (and 
it  would  be  very  difficult  to  prove  this), 
received   within   the   last   few  centuries, 
through   occasional   means  of  transport, 
immigrants   from   Europe   or  any  other 
continent,   that  a  poorly-stocked   island, 
though  standing  more   remote  from  the 
mainland,  would  not  receive  colonists  by 
similar  means.     Out  of  a  hundred  kinds 
of  seeds  or  animals  transported  to  an 
island,  even  if  far  less  well-stocked  than 


Britain,  perhaps  not  more  than  one  would 
be  so  well  fitted  to  its  new  home,  as  to 
become  naturalized.  But  this  is  no  valid 
argument  against  what  would  be  effected 
by  occasional  means  of  transport,  during 
the  long  lapse  of  geological  time,  while 
the  island  was  being  upheaved,  and  be- 
fore it  had  become  fully  stocked  with  in- 
habitants. On  almost  bare  land,  with 
few  or  no  destructive  insects  or  birds 
living  there,  nearly  every  seed  which 
chanced  to  arrive,  if  fitted  for  the  cli- 


mate, would  germinate  and  survive. 
Dispersal  during  the  Glacial  Period. 

633.  The  identity  of  many  plants  and 
animals,  on  mountain-summits,  separated 
from  each  other  by  hundreds  of  miles  of 
lowlands,  where  Alpine  species  could  not 
possibly  exist,  is  one  of  the  most  striking 
cases  known  of  the  same  species  living  at 
distant  points,  without  the  apparent  pos- 
sibility of  their  having  migrated  from  one 
point  to  the  other.     It  is  indeed  a  re- 
markable fact  to  see  so  many  plants  of 
the  same  species  living  on  the  snowy  re- 
gions of  the  Alps  or  Pyrenees,  and  in  the 
extreme  northern  parts  of  Europe ;  but  it 
is  far  more  remarkable,  that  the  plants 
on  the  White  Mountains,  in  the  United 
States  of  America,  are  all  the  same  with 
those  of   Labrador,   and   nearly  all  the 
same,  as  we  hear  from  Asa  Gray,  with 
those  on  the  loftiest  mountains  of  Europe. 
Even  as  long  ago  as  1747,  such  facts  led 
Gmelin  to  conclude  that  the  same  species 
must  have  been  independently  created  at 
many  distinct  points;  and  we  might  have 
remained  in  this  same  belief,   had   not 
Agassiz  and  others  called  vivid  attention 
to  the  Glacial  period,  which,  as  we  shall 
immediately  see,  affords  a  simple  explan- 
ation of  these  facts.     We  have  evidence 
of  almost  every  conceivable  kind,  organic 
and  inorganic,  that,  within  a  very  recent 
geological  period,   central    Europe,   and 
North  America  suffered  under  an  arctic 
climate.     The  ruins  of  a  house  burnt  by 
fire  do  not  tell  their  tale  more  plainly 
than  do  the  mountains  of  Scotland  and 
Wales,  with  their  scored  flanks,  polished 
surfaces,  and  perched  boulders,  of  the  icy 
streams   with   which   their  valleys  were 
lately  filled.     So  greatly  has  the  climate 
of  Europe    changed,    that  in   Northern 
Italy,  gigantic  moraines,  left  by  old  gla- 
ciers, are   now  clothed  by  the  vine  and 
maize.     Throughout  a  large  part  of  the 
United  States,  erratic  boulders  and  scored 
rocks  plainly  reveal  a  former  cold  period. 
634.  The  former  influence  of  the  glacial 
climate  on  the  distribution  of  the  inhab- 
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Itants  oi  Europe,  as  explained  by  Edward 
Forbes,  is  substantially  as  follows.  But 
we  shall  follow  the  changes  more  readily, 
by  supposing  a  new  glacial  period  slowly 
to  come  on,  and  then  pass  away,  as  for- 
merly occurred.  As  the  cold  came  on, 
and  as  each  more  southern  zone  became 
fitted  for  the  inhabitants  of  the  north, 
these  would  take  the  places  of  the  former 
inhabitants  of  the  temperate  regions. 
The  latter,  at  the  same  time,  would  travel 
further  and  further  southward,  unless 
they  were  stopped  by  barriers,  in  which 
case  they  would  perish.  The  mountains 
would  become  covered  with  snow  and 
ice,  and  their  former  Alpine  inhabitants 
would  descend  to  the  plains.  By  the 
time  that  the  cold  had  reached  its  maxi- 
mum, we  should  have  an  arctic  fauna 
and  flora,  covering  the  central  parts  of 
Europe,  as  far  south  as  the  Alps  and 
Pyrenees,  and  even  stretching  into  Spain. 
The  now  temperate  regions  of  the  United 
States  would  likewise  be  covered  by  arc- 
tic plants  and  animals  and  these  would 
be  nearly  the  same  with  those  of  Europe  ; 
for  the  present  circumpolar  inhabitants, 
which  we  suppose  to  have  everywhere 
traveled  southward,  are  remarkably  uni- 
form round  the  world. 

635.  As  the  warmth  returned,  the  arctic 
forms  would  retreat   northward,  closely 
followed  up  in  their  retreat  by  the  pro- 
ductions of  the  more  temperate  regions. 
And  as  the  snow  melted  from  the  bases 
of  the  mountains,  the  arctic  forms  would 
seize  on  the  cleared  and  thawed  ground, 
always    ascending,   as    the   warmth   in- 
creased and  the  snow  still  further  disap- 
peared,  higher  and   higher,  while   their 
brethren   were   pursuing   their   northern 
journey.     Hence,  when  the  warmth  had 
fully  returned,  the   same   species,  which 
had  lately  lived  together  on  the  European 
and   North    American   lowlands,   would 
again  be  found  in  the  arctic  regions  of  the 
Old  and  New  Worlds,  and  on  many  iso- 
lated mountain-summits  far  distant  from 
each  other. 

636.  Thus  we  can  understand  the  iden- 
tity of  many  plants  at  points  so  immensely 
remote  as  the  mountains  of  the  United 
States  and  those  of  Europe.    We  can  thus 
also  understand  the  fact  that  the  Alpine 
plants  of  each  mountain-range  are  more 
especially  related  to  the  arctic  forms  living 
due  north  or  nearly  due  north  of  them : 
for  the  first  migration  when  the  cold  came 
on,  and  the  re-migration  on  the  returning 
warmth,  would  generally  have  been  due 
south  and  north.     The  Alpine  plants,  for 
example,  of  Scotland,  as  remarked  by  Mr. 


H.  C.  Watson,  and  those  of  the  Pyrenees, 
as  remarked  by  Ramond,  are  more  espe- 
cially allied  to  the  plants  of  northern  Scan- 
dinavia; those  of  the  United  States  tG 
Labrador ;  those  of  the  mountains  of  Si- 
beria  to  the  arctic  regions  of  that  country. 
These  views,  grounded  as  they  are  on  the 
perfectly  well-ascertained  occurrence  of  a 
former  Glacial  period,  seem  to  me  to  ex- 
plain in  so  satisfactory  a  manner  the  pres- 
ent distribution  of  the  Alpine  and  Arctic 
productions  of  Europe  and  America,  that 
when  in  other  regions  we  find  the  same 
species  on  distant  mountain-summits,  we 
may  almost  conclude,  without  other  evi- 
dence, that  a  colder  climate  formerly  per- 
mitted their  migration  across  the  inter- 
vening lowlands,  now  become  too  warm 
for  their  existence. 

637.  As  the  arctic   forms  moved   first 
southward   and   afterward   backward  to 
the  north,  in  unison  with  the  changing 
climate,  they  will  not  have  been  exposed 
during  their  long  migrations  to  any  great 
diversity  of  temperature  ;  and  as  they  all 
migrated  in  a  body  together,  their  mutual 
relations  will  not  have  been   much    dis- 
turbed.    Hence,  in  accordance  with  the 
principles  inculcated  in  this  volume,  these 
forms  will  not  have  been  liable  to  much 
modification.     But  with  the  Alpine  pro- 
ductions, left  isolated  from  the  moment  of 
the  returning  warmth,  first  at  the  bases  and 
ultimately  on  the  summits  of  the  moun- 
tains, the  case  will  have  been  somewhat 
different;  for  it  is  not  likely  that  all  the 
same  arctic  species  will  have  been  left  on 
mountain-ranges   far   distant   from  each 
other,  and  have  survived  there  ever  since ; 
they  will  also  in  all  probability,  have  be- 
come mingled  with  ancient  Alpine  species, 
which  must  have  existed  on  the  mountains 
before  the  commencement  of  the  Glacial 
epoch,  and  which  during  the  coldest  pe- 
riod will  have  been  temporarily  driven 
down  to  the  plains ;  they  will,  also,  have 
been  subsequently  exposed  to  somewhat 
different  climatal  influences.     Their  mu- 
tual relations  will  thus  have  been  in  some 
degree  disturbed  ;  consequently  they  will 
have  been  liable  to  modification ;  and  they 
have  been  modified ;  for  if  we  compare 
the  present  Alpine  plants  and  animals  of 
the   several  great    European   mountain- 
ranges  one  with  another,  though  many  of 
the  species  remain  identically  the  same, 
some  exist  as  varieties,  some  as  doubtful 
forms  or  sub-species,  and  some  as  distinct 
yet  closely  allied  species  representing  each 
other  on  the  several  ranges. 

638.  In  the  foregoing  illustration  I  have 
assumed  that  at  the  commencement  of 
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sur  imaginary  Glacial  period,  the  arctic 
productions  were  as  uniform  round  the 
polar  regions  as  they  are  at  the  present 
day.  But  it  is  also  necessary  to  assume 
that  many  sub-arctic  and  some  few  tem- 
perate forms  were  the  same  round  the 
world,  for  some  of  the  species  which  now 
exist  on  the  lower  mountain-slopes  and 
on  the  plains  of  North  America  and  Eu- 
rope are  the  same ;  and  it  may  be  asked 
how  I  account  for  this  degree  of  uni- 
formity in  the  sub-arctic  and  temperate 
forms  round  the  world,  at  the  commence- 
ment of  the  real  Glacial  period.  At  the 
present  day,  the  sub-arctic  and  northern 
temperate  productions  of  the  Old  and 
New  Worlds  are  separated  from  each 
other  by  the  whole  Atlantic  Ocean  and 
by  the  northern  part  of  the  Pacific.  Dur- 
ing the  Glacial  period,  when  the  inhab- 
itants of  the  Old  and  New  Worlds  lived 
farther  southward  than  they  do  at  pres- 
ent, they  must  have  been  still  more  com- 
pletely separated  from  each  other  by 
wider  spaces  of  ocean  ;  so  that  it  may  well 
be  asked  how  the  same  species  could  then 
or  previously  have  entered  the  two  conti- 
nents. The  explanation,  I  believe,  lies  in 
the  nature  of  the  climate  before  the  com- 
mencement of  the  Glacial  period.  At 
this,  the  newer  Pliocene  period,  the  ma- 
jority ol  the  inhabitants  of  the  world  were 
specifically  the  same  as  now,  and  we  have 
good  reason  to  believe  that  the  climate 
was  warmer  than  at  the  present  day. 
Hence  we  may  suppose  that  the  organ- 
isms which  now  live  under  latitude  60°, 
lived  during  the  Pliocene  period  farther 
north  under  the  Polar  Circle,  in  latitude 
66°-67° ;  and  that  the  present  arctic  pro- 
ductions then  lived  on  the  broken  land 
still  nearer  to  the  pole.  Now,  if  we  look 
at  a  terrestrial  globe,  we  see  under  the 
Polar  Circle  that  there  is  almost  contin- 
uous land  from  western  Europe,  through 
Siberia,  to  eastern  America.  And  this 
continuity  of  the  circumpolar  land,  with 
che  consequent  freedom  under  a  more  fa- 
vorable climate  for  intermigration,  will 
account  for  the  supposed  uniformity  of 
the  sub-arctic  and  temperate  productions 
of  the  Old  and  New  Worlds,  at  a  period 
anterior  to  the  Glacial  epoch. 

639.  Believing,  from  reasons  before  al- 
luded to,  that  our  continents  have  long 
remained  '  nearly  the  same  relative  po- 
sition, though  subjected  to  great  oscilla- 
tions ot  level,  I  am  strongly  inclined  to 
extend  the  above  view,  and  to  infer  that 
during  some  still  earlier  and  still  warmer 
period,  such  as  the  older  Pliocene  period, 
a  large  number  of  the  same  plants  and 


animals  inhabited  the  almost  continuous 
circumpolar  land ;  and  that  these  plants 
and  animals,  both  in  the  Old  and  New 
Worlds,  began  slowly  to  migrate  south- 
ward as  the  climate  became  less  warm, 
long  before  the  commencement  of  the 
Glacial  period.  We  now  see,  as  I  believe, 
their  descendants,  mostly  in  a  modified 
condition,  in  the  central  parts  of  Europe 
and  the  United  States.  On  this  view  we 
can  understand  the  relationship  with  very 
little  identity,  between  the  productions 
of  North  America  and  Europe, — a  rela- 
tionship which  is  highly  remarkable,  con- 
sidering the  distance  of  the  two  areas, 
and  their  separation  by  the  whole  Atlan- 
tic Ocean.  We  can  further  understand 
the  singular  fact  remarked  on  by  several 
observers  that  the  productions  of  Europe 
and  America  during  the  later  tertiary 
stages  were  more  closely  related  to  each 
other  than  they  are  at  the  present  time ; 
for  during  these  warmer  periods  the 
northern  parts  of  the  Old  and  New  Worlds 
will  have  been  almost  continuously  united 
by  land,  serving  as  a  bridge,  since  ren- 
dered impassable  by  cold,  for  the  inter- 
migration  of  their  inhabitants. 

640.  During  the  slowly  decreasing 
warmth  of  the  Pliocene  period,  as  soon 
as  the  species  in  common,  which  inhab- 
ited the  New  and  Old  Worlds,  migrated 
south  of  the  Polar  Circle,  they  will  have 
been  completely  cut  off  from  each  other. 
This  separation,  as  far  as  the  more  tem- 
perate productions  are  concerned,  must 
have  taken  place  long  ages  ago.  As  the 
plants  and  animals  migrated  southward, 
they  will  have  become  mingled  in  the  one 
great  region  with  the  native  American 
productions,  and  would  have  had  to  com- 
pete with  them ;  and  in  the  other  great 
region,  with  those  of  the  Old  World. 
Consequently  we  have  here  everything 
favorable  for  much  modification, — for  far 
more  modification  than  with  the  Alpine 
productions,  left  isolated,  within  a  much 
more  recent  period,  on  the  several  moun- 
tain-ranges and  on  the  arctic  lands  of  Eu- 
rope and  N.  America.  Hence  it  has  come, 
that  when  we  compare  the  now  living  pro- 
ductions of  the  temperate  regions  of  the 
New  and  Old  Worlds,  we  find  very  few 
identical  species  (though  Asa  Gray  has 
lately  shown  that  more  plants  are  identi- 
cal than  was  formerly  supposed),  but  we 
find  in  every  great  class  many  forms, 
which  some  naturalists  rank  as  geograph- 
ical races,  and  others  as  distinct  species ; 
and  a  host  of  closely  allied  or  representa- 
tive forms,  which  are  ranked  by  all  nat- 
uralists as  specifically  distinct. 
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641.  As  on  the  land,  so  in  the  waters 
of  the  sea,  a  slow  southern  migration  of  a 
marine  fauna,  which,  during  the  Pliocene 
or  even  a  somewhat  earlier  period,  was 
nearly    uniform    along    the    continuous 
shores  of  the  Polar  Circle,  will  account, 
on  the  theory  of  modification,  for  many 
closely  allied  forms  now  living  in  marine 
areas  completely  sundered.    Thus,  I  think, 
we  can  understand  the  presence  of  some 
closely   allied,  still   existing  and   extinct 
tertiary  forms,  on  the  eastern  and  west- 
ern shores  of  temperate  North  America ; 
und  the  still  more  striking  fact  of  many 
closely  allied  crustaceans  (as  described  in 
Dana's  admirable  work),  some  fish  and 
other  marine  animals,  inhabiting  the  Med- 
iterranean and  the  seas  of  Japan, — these 
two  areas  being  now  completely  separated 
by  the  breadth  of  a  whole  continent  and 
by  wide  spaces  of  ocean. 

642.  These  cases  of  close  relationship 
and  species  either  now  or  formerly  inhab- 
iting the  seas  on  the  eastern  and  western 
shores  of  North  America,  the  Mediterra- 
nean and  Japan,  and  the  temperate  lands 
of  North  America  and  Europe,  are  inex- 
plicable on  the  theory  of  creation.     We 
cannot  maintain  that  such  species  have 
been  created  alike,  in  correspondence  with 
the  nearly  similar  physical  conditions  of 
the  areas  ;  for  if  we  compare,  for  instance, 
certain  parts  of  South  America  with  parts 
of  South  Africa  or  Australia,  we  see  coun- 
tries closely  similar  in  all  their  physical 
conditions,  with  their  inhabitants  utterly 
dissimilar. 

Alternate  Glacial  Periods  in  the  North 
and  South. 

643.  But  we  must  return  to  our  more 
immediate  subject.     I  am  convinced  that 
Forbes 's  view  may  be  largely  extended. 
In  Europe  we  meet  with  the  plainest  evi- 
dence of  the   Glacial  period,   from   the 
western   shores  of  Britain  to  the  Oural 
ran^e,  and  southward  to  the  Pyrenees. 
\Ve  may  infer  from  the  frozen  mammals 
and  nature  of  the  mountain  vegetation, 
that  Siberia  was  similarly  affected.     In 
the  Lebanon,  according  to  Dr.  Hooker, 
perpetual  snow  formerly  covered  the  cen- 
tral axis,  and  fed  glaciers  which  rolled 
4000  feet  down  the  valleys.     The  same 
observer  has  recently  found  great  mo- 
raines at  a  low  level  on  the  Atlas  range 
in  N.  Africa.     Along  the  Himalaya,  at 
points  900  miles  apart,  glaciers  have  left 
the  marks  of  their  former  low  descent ; 
and  :n  Sikkim,  Dr.  Hooker  saw  maize 
growing  on   ancient  and  gigantic    mo- 
raines.    Southward  of  the  Asiatic  conti- 


nent, on  the  opposite  side  of  the  equator, 
we  know,  from  the  excellent  researches 
of  Dr.  J.  Haast  and  Dr.  Hector,  that  in 
New  Zealand  immense  glaciers  formerly 
descended  to  a  low  level ;  and  the  same 
plants  found  by  Dr.  Hooker  on  widely 
separated  mountains  in  this  island  tell  the 
same  story  of  a  former  cold  period. 
From  facts  communicated  to  me  by  the 
Rev.  W.  B.  Clarke,  it  appears  also  that 
there  are  traces  of  former  glacial  action 
on  the  mountains  of  the  south-eastern 
corner  of  Australia. 

644.  Looking  to  America ;  in  the  north- 
ern  half,   ice-borne   fragments    of  rock 
have  been  observed  on  the  eastern  side 
of  the  continent,  as  far  south  as  lat.  36°- 
37°,  and  on  the  shores  of  the   Pacific, 
where  the  climate  is  now  so  different,  as 
far  south  as  lat.  46°.     Erratic  boulders 
have,  also,  been  noticed  on  the  Rocky 
Mountains.     In  the  Cordillera  of  South 
America,  nearly  under  the  equator,  gla- 
ciers once  extended  far  below  their  pres- 
ent level.     In  Central  Chile  I  examined  a 
vast  mound  of  detritus  with  great  bould- 
ers, crossing  the   Portillo  valley,  which 
there  can  hardly  be  a  doubt  once  formed 
a  huge  moraine  ;  and  Mr.  D.  Forbes  in- 
forms me  that  he  found  in  various  parts 
of  the  Cordillera,  from  lat.  13°  to  30°  S., 
at  about  the  height  of  1 2,000  feet,  deeply- 
furrowed  rocks,   resembling  those  with 
which  he  was  familiar  in  Norway,  and 
likewise  great  masses  of  detritus,  includ- 
ing grooved  pebbles.    Along  this  whole 
space  of  the  Cordillera  true  glaciers  do 
not  now  exist  even  at  much  more  consid- 
erable heights.     Farther  south  on  both 
sides  of  the  continent,  from  lat.  41°  to  the 
southernmost    extremity,   we    have    the 
clearest  evidence  of  former  glacial  action, 
in  numerous  immense  boulders    trans- 
ported far  from  their  parent  source. 

645.  From  these  several  facts,  namely 
from  the  glacial  action  having  extended 
all  round  the  northern  and  southern  hem- 
ispheres— from  the  period  having  been  in 
a  geological  sense  recent  in  both  hemi- 
spheres— from  its  having  lasted  in  both 
during  a  great  length  of  time,  as  may  be 
inferred  from  the  amount  of  work  effected 
— and  lastly  from  glaciers  having  recently 
descended  to  a  low  level  along  the  whole 
line  of  the  Cordillera,  it  at  one  time  ap- 
peared to  me  that  we  could  not  avoid  the 
conclusion  that  the  temperature  of  the 
whole  world   had  been    simultaneously 
lowered  during  the  Glacial  period.    But 
now  Mr.  Croll,  in  a  series  of  admirable 
memoirs,  has  attempted  to  show  that  a 
glacial  condition  of  climate  is  the  resuli 
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of  various  physical  causes,  brought  into 
operation  by  an  increase  in  the  eccentric- 
ity of  the  earth's  orbit.  All  these  causes 
tend  toward  the  same  end ;  but  the 
most  powerful  appears  to  be  the  indirect 
influence  of  the  eccentricity,  of  the  orbit 
upon  oceanic  currents.  According  to  Mr. 
CroK,  cold  periods  regularly  recur  every 
ten  or  fifteen  thousand  years ;  and  these 
at  long  intervals  are  extremely  severe, 
owing  to  certain  contingencies,  of  which 
the  most  important,  as  Sir  C.  Lyell  has 
shown,  is  the  relative  position  of  the  land 
and  water.  Mr.  Croll  believes  that  the 
last  great  Glacial  period  occurred  about 
240,000  years  ago,  and  endured  with 
slight  alterations  of  climate  for  about  160,- 
ooo  years.  With  respect  to  more  ancient 
Glacial  periods,  several  geologists  are 
convinced  from  direct  evidence  that  such 
occurred  during  the  Miocene  and  Eo- 
cene formations,  not  to  mention  still 
more  ancient  formations.  But  the  most 
important  result  for  us,  arrived  at  by 
Mr.  Croll,  is  that  whenever  the  north- 
ern hemisphere  passes  through  a  cold 
period,  the  temperature  of  the  south- 
ern hemisphere  is  actually  raised,  with 
the  winters  rendered  much  milder, 
chiefly  through  changes  in  the  direction 
of  the  ocean  currents.  So  conversely  it 
will  be  with  the  northern  hemisphere, 
while  the  southern  passes  through  a  gla- 
cial period.  This  conclusion  throws  so 
much  light  on  geographical  distribution 
that  I  am  strongly  inclined  to  trust  in  it ; 
but  I  will  first  give  the  facts,  which  de- 
mand an  explanation. 

646.  In  South    America,  Dr.  Hooker 
has  shown  that  besides  many  closely  al- 
lied species,  between  forty  and  fifty  of  the 
flowering    plants  of  Tierra  del  Fuego, 
forming    no    inconsiderable  part  of  its 
scanty  flora,  are  common  to  North  Amer- 
ica and  Europe,  enormously  remote  as 
these  areas  in  opposite  hemispheres  are 
from  each  other.     On  the  lofty  mount- 
ains of  equatorial  America  a  host  of  pe- 
culiar   species    belonging    to   European 
genera  occur.     On  the  Organ  mountains 
of  Brazil,  some  few  temperate  European, 
some  Antarctic,  and  some  Andean  genera 
were  found  by  Gardner,  which  do  not  ex- 
ist in  the  low  intervening  hot  countries. 
On  the  Silla  of  Caraccas,  the  illustrious 
Humboldt  long  ago  found  species  belong- 
ing to  genera  characteristic  of  the  Cordil- 
lera. 

647.  In  Africa,  several  forms  character- 
istic of  Europe  and  some  few  representa- 
tives of  the  flora  of  the  Cape  of  Good 
Hope  occur  on  the  mountains  of  Abys- 


sinia. At  the  Cape  of  Good  Hope  a  very 
few  European  species,  believed  not  to 
have  been  introduced  by  man,  and  on  the 
mountains  several  representative  Euro- 
pean forms  are  found,  which  have  noc 
been  discovered  in  the  intertropical  parts 
of  Africa.  Dr.  Hooker  has  also  lately 
shown  that  several  of  the  plants  living  on 
the  upper  parts  of  the  lofty  island  of  Fer- 
nando Po  and  on  the  neighboring  Came- 
roon mountains,  in  the  Gulf  of  Guinea, 
are  closely  related  to  those  on  the  mount- 
ains of  Abyssinia,  and  likewise  to  those 
of  temperate  Europe.  It  now  also  ap- 
pears, as  I  hear  from  Dr.  Hooker,  that 
some  of  these  same  temperate  plants 
have  been  discovered  by  the  Rev.  R.  T. 
Lowe  on  the  mountains  of  the  Cape  de 
Verde  islands.  This  extension  of  the 
same  temperate  forms,  almost  under  the 
equator,  across  the  whole  continent  of 
Africa  and  to  the  mountains  of  the  Cape 
de  Verde  archipelago,  is  one  of  the  most 
astonishing  facts  ever  recorded  in  the  dis- 
tribution of  plants. 

648.  On  the  Himalaya,  and  on  the  iso- 
lated mountain- ranges  of  the   peninsula 
of  India,  on  the  heights  of  Ceylon,  and 
on    the  volcanic  cones   of  Java,   many 
plants  occur,  either  identically  the  same 
or  representing  each-  other,  and  at  the 
same  time  representing  plants  of  Europe, 
not  found  in  the  intervening  hot  lowlands. 
A  list  of  the  genera  of  plants  collected  on 
the  loftier  peaks  of  Java,  raises  a  picture 
of  a  collection  made  on  a  hillock  in  Eu- 
rope !     Still  more  striking  is  the  fact  thai 
peculiar  Australian  forms  are  represented 
by  certain  plants  growing  on  the  summits 
of  the  mountains  of  Borneo.     Some  of 
these  Australian  forms,  as  I  hear  from 
Dr.  Hooker,  extend  along  the  heights  of 
the  peninsula  of  Malacca,  and  are  thinly 
scattered  on  the  one  hand  over  India,  and 
on  the  other  hand  as  far  north  as  Japan. 

649.  On   the    southern    mountains   of 
Australia,  Dr.  F.  Muller  has  discovered 
several  European  species ;  other  species, 
not  introduced  by  man,  occur  on  the  low- 
lands ;  and  a  long  list  can  be  given,  as  I 
am  informed  by  Dr.  Hooker,  of  European 
genera,  found  in  Australia,  but  not  in  the 
intermediate  torrid  regions.     In  the  ad- 
mirable  "  Introduction  to   the   Flora  of 
New  Zealand,"  by  Dr.  Hooker,  analogous 
and  striking  facts  are  given  in  regard  to 
the  plants  of  that  large  island.     Hence 
we  see  that  certain  plants  growing  on  the 
more  lofty  mountains  of  the  tropics  in  all 
parts  of  the  world,  and  on  the  temperate 
plains  of  the  north  and  south,  are  either 
the  same  species  or  varieties  of  the  same 
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species.  It  should,  however,  be  observed 
that  these  plants  are  not  strictly  arctic 
forms;  for,  as  Mr.  H.  C.  Watson  has  re- 
marked, "  in  receding  from  polar  toward 
equatorial  latitudes,  the  Alpine  or  mount- 
ain floras  really  become  less  and  less 
Arctic."  Besides  these  identical  and 
closely  allied  forms,  many  species  inhab- 
iting the  same  widely  sundered  areas,  be- 
long to  genera  not  now  found  in  the  in- 
termediate tropical  lowlands. 

650.  These    brief    remarks    apply    to 
plants  alone ;    but  some  few  analogous 
facts  could  be  given  in  regard  to  terres- 
trial animals.      In    marine  productions, 
similar  cases  likewise  occur ;  as  an  exam- 
ple, I  may  quote  a  statement  by  the  high- 
est authority,  Prof.  Dana,  that  "  it  is  cer- 
tainly a  wonderful  fact  that  New  Zealand 
should  have  a  closer  resemblance  in  its 
Crustacea  to  Great  Britain,  its  antipode, 
than   to  any  other  part  of  the  world." 
Sir  J.  Richardson,  also,  speaks  of  the  re- 
appearance on  the  shores  of  New  Zea- 
land, Tasmania,  etc.,  of  northern  forms 
of  fish.     Dr.   Hooker  informs  me  that 
twenty-five  species  of  Algae  are  common 
to  New  Zealand  and  to  Europe,  but  have 
not  been  found  in  the  intermediate  tropi- 
cal seas. 

65 1 .  From  the  foregoing  facts,  namely, 
the  presence  of  temperate  forms  on  the 
highlands  across  the  whole  of  equatorial 
Africa,  and  along  the  Peninsula  of  India, 
to  Ceylon  and  the  Malay  Archipelago, 
and  in  a  less  well-marked  manner  across 
the  wide  expanse  of  tropical  South  Amer- 
ica, it  appears  almost  certain  that  at  some 
former  period,  no  doubt  during  the  most 
severe  part  of  a  Glacial  period,  the  low- 
lands   of    these    great    continents  were 
everywhere  tenanted  under  the  equator 
by  a  considerable  number  of  temperate 
forms.     At  this  period  the  equatorial  cli- 
mate at  the  level  of  the  sea  was  probably 
about  the  same  with  that  now  experienced 
at  the  height  of  from  five  to  six  thousand 
feet  under  the  same  latitude,  or  perhaps 
even  rather  cooler.     During  this,  the  cold- 
est period,  the  lowlands  under  the  equa- 
tor must  have  been  clothed  with  a  min- 
gled tropical  and   temperate  vegetation, 
like  that  described  by  Hooker  as  growing 
luxuriantly  at  the  height  of  from  four  to 
five  thousand    feet  on  the  lower  slopes 
of  the    Himalaya,  but    with    perhaps   a 
still  greater  preponderance  of  temperate 
forms.     So  again  in  the  mountainous  isl- 
and  of  Fernando    Po,   in    the   Gulf  of 
Guinea,  Mr.  Mann  found  temperate  Eu- 
ropean forms  beginning  to  appear  at  the 
height  of  about  five  thousand  feet.    On 


the  mountains  of  Panama,  at  the  height 
of  only  two  thousand  feet,  Dr.  Seemann 
found  the  vegetation  like  that  of  Mexico, 
"  with  forms  of  the  torrid  zone  harmoni 
ously  blended  with  those  of  the  temper- 
ate." 

652.  Now    let    us    see    whether    Mr. 
Croll's  conclusion  that  when  the  north- 
ern  hemisphere   suffered    from   the   ex- 
treme cold  of  the  great  Glacial  period,  the 
southern  hemisphere  was  actually  warmer, 
throws  any  clear  light  on  the  present  ap- 
parently inexplicable  distribution  of  vari- 
ous organisms  in  the  temperate  parts  of 
both  hemispheres,  and  on  the  mountains 
of  the  tropics.     The  Glacial  period,  as 
measured  by  years,  must  have  been  very 
long ;  and  when  we  remember  over  what 
vast  spaces  some  naturalized  plants  and 
animals  have  spread  within  a  few  centu- 
ries, this  period  will  have  been  ample  for 
any  amount  of  migration.     As  the  cold 
became  more  and  more  intense,  we  know 
that  Arctic  forms  invaded  the  temperate 
regions ;  and,  from  the  facts  just  given, 
there  can  hardly  be  a  doubt  that  some 
of  the  more  vigorous,  dominant  and  wid- 
est-spreading temperate   forms   invaded 
the  equatorial  lowlands.     The  inhabitants 
of  these  hot  lowlands  would  at  the  same 
time  have  migrated  to  the  tropical  and 
subtropical  regions  of  the  south,  for  the 
southern  hemisphere  was  at  this  period 
warmer.     On  the  decline  of  the  Glacial 
period,  as  both  hemispheres  gradually  re- 
covered their  former  temperatures,  the 
northern  temperate  forms  living  on  the 
lowlands  under  the  equator,  would  have 
been   driven  to  their  former   homes  or 
have  been  destroyed,  being  replaced  by 
the  equatorial  forms  returning  from  the 
south.     Some,  however,  of  the  northern 
temperate  forms  would  almost  certainly 
have  ascended  any  adjoining  high  land, 
where,   if  suSciently  lofty,   they  would 
have  long  survived  lie  the  Arctic  forms 
on    the    mountains   of    Efope.     They 
might  have  survived,  even  if  the  climate 
was  not  perfectly  fitted  for  i.nem,  for  the 
change  of  temperature  must  have  been 
very  slow,  and  plants  undoubtedly  pos- 
sess a  certain  capacity  for  acclimatization, 
as  shown  by  their  transmitting  to  their 
offspring  different  constitutional  powers 
of  resisting  heat  and  cold. 

653.  In  the  regular  course  of  events 
the  southern  hemisphere  would  in  its  turn 
be  subjected  to  a  severe  Glacial  period, 
with  the  northern  hemisphere  rendered 
warmer ;  and  then  the  southern  temper- 
ate  forms  would  invade  the  equatorial 
lowlands.      The   northern   forms  which 
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had  before  been  left  on  the  mountains 
would  now  descend  and  mingle  with  the 
southern  forms.  These  latter,  when  the 
warmth  returned,  would  return  to  their 
former  homes,  leaving  some  few  species 
on  the  mountains,  and  carrying  south- 
ward with  them  some  of  the  northern 
temperate  forms  which  had  descended 
from  their  mountain  fastnesses.  Thus, 
we  should  have  some  few  species  identic- 
ally the  same  in  the  northern  and  south- 
ern temperate  zones  and  on  the  mount- 
ains of  the  intermediate  tropical  regions. 
But  the  species  left  during  a  long  time  on 
these  mountains,  or  in  opposite  hemi- 
spheres, would  have  to  compete  with 
many  new  forms  and  would  be  exposed 
to  somewhat  different  physical  condi- 
tions ;  hence  they  would  be  eminently 
liable  to  modification,  and  would  gener- 
ally now  exist  as  varieties  or  as  represent- 
ative species ;  and  this  is  the  case.  We 
must,  also,  bear  in  mind  the  occurrence 
in  both  hemispheres  of  former  Glacial 
periods  ;  for  these  will  account,  in  accord- 
ance with  the  same  principles,  for  the 
many  quite  distinct  species  inhabiting  the 
same  widely  separated  areas,  and  belong- 
ing to  genera  not  now  found  in  the  inter- 
mediate torrid  zones. 

654.  It  is  a  remarkable  fact  strongly 
insisted  on  by  Hooker  in  regard  to 
America,  and  by  Alph.  de  Candolle  in 
regard  to  Australia,  that  many  more 
identical  or  slightly  modified  species  have 
migrated  from  the  north  to  the  south, 
than  in  a  reversed  direction.  We  see, 
however,  a  few  southern  forms  on  the 
mountains  of  Borneo  and  Abyssinia.  I 
suspect  that  this  preponderant  migration 
from  the  north  to  the  south  is  due  to  the 
greater  extent  of  land  in  the  north,  and 
to  the  northern  forms  having  existed  in 
their  own  homes  in  greater  numbers,  and 
having  consequently  been  advanced 
through  natural  selection  and  competition 
to  a  higher  stage  of  perfection,  or  domi- 
nating power,  than  the  southern  forms. 
And  thus,  when  the  two  sets  became 
commingled  in  the  equatorial  regions, 
during  the  alternations  of  the  Glacial 
periods,  the  northern  forms  were  the 
more  powerful  and  were  able  to  hold 
their  places  on  the  mountains,  and  after- 
ward to  migrate  southward  with  the 
southern  forms  ;  but  not  so  the  southern 
in  regard  to  the  northern  forms.  In  the 
same  manner  at  the  present  day,  we  see 
•hat  very  many  European  productions 
over  the  ground  in  La  Plata,  New  Zea- 
nd,  and  to  a  lesser  degree  in  Australia, 
'I  have  beaten  the  natives  ;  whereas 


extremely  few  southern  forms  have  be- 
come naturalized  in  any  part  of  the  north- 
ern hemisphere,  though  hides,  wool,  and 
other  objects  likely  to  carry  seeds  have 
been  largely  imported  into  Europe  dur- 
ing the  last  two  or  three  centuries  from 
La  Plata,  and  during  the  last  forty  or  fifty 
years  from  Australia.  The  Neilgherrie 
mountains  in  India,  however,  offer  a  par- 
tial exception ;  for  here,  as  I  hear  from 
Dr.  Hooker,  Australian  forms  are  rap- 
idly sowing  themselves  and  becoming 
naturalized.  Before  the  last  great  Gla- 
cial period,  no  doubt  the  intertropical 
mountains  were  stocked  with  endemic 
Alpine  forms ;  but  these  have  almost 
everywhere  yielded  to  the  more  dominant 
forms,  generated  in  the  larger  areas  and 
more  efficient  workshops  of  the  north. 
In  many  islands  the  native  productions 
are  nearly  equaled,  or  even  outnumbered, 
by  those  which  have  become  naturalized  ; 
and  this  is  the  first  stage  toward  their 
extinction.  Mountains  are  islands  on  the 
land,  and  their  inhabitants  have  yielded 
to  those  produced  within  the  larger  areas 
of  the  north,  just  in  the  same  way  as  the 
inhabitants  of  real  islands  have  every- 
where yielded  and  are  still  yielding  to 
continental  forms  naturalized  through 
man's  agency. 

655.  The  same  principles  apply  to  the 
distribution  of  terrestrial  animals  and  of 
marine  productions,  in  the  northern  and 
southern  temperate  zones,  and  on  the  in- 
tertropical mountains.  When,  during 
the  height  of  the  Glacial  period,  the 
ocean-currents  were  widely  different  to 
what  they  now  are,  some  of  the  inhabi- 
tants of  the  temperate  seas  might  have 
reached  the  equator ;  of  these  a  few 
would  perhaps  at  once  be  able  to  migrate 
southward,  by  keeping  to  the  cooler  cur- 
rents, while  others  might  remain  and  sur- 
vive in  the  colder  depths  until  the  southern 
hemisphere  was  in  its  turn  subjected  to 
a  glacial  climate  and  permitted  their  fur- 
ther progress ;  in  nearly  the  same  man- 
ner as,  according  to  Forbes,  isolated 
spaces  inhabited  by  Arctic  productions 
exist  to  the  present  day  in  the  deeper 
parts  of  the  northern  temperate  seas.  I 
am  far  from  supposing  that  all  the  diffi- 
culties in  regard  to  the  distribution  and 
affinities  of  the  identical  and  allied  spe- 
cies, which  now  live  so  widely  separated 
in  the  north  and  south,  and  sometimes 
on  the  intermediate  mountain-ranges  are 
removed  on  the  views  above  given.  The 
exact  lines  of  migration  cannot  be  indi- 
cated. We  cannot  say  why  certain  spe- 
cies and  not  others  have  migrated ;  why 
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certain  species  have  been  modified  and  ' 
have  given  rise  to  new  forms,  while  oth- 
ers have  remained  unaltered.  We  can- 
not hope  to  explain  such  facts,  until  we 
can  say  why  one  species  and  not  another 
becomes  naturalized  by  man's  agency  in 
a  foreign  land ;  why  one  species  ranges 
twice  or  thrice  as  far,  and  is  twice  or 
thrice  as  common,  as  another  species 
within  their  own  homes. 

656.  Various  special  difficulties  also  re- 
main to  be  solved ;  for  instance,  the  oc- 
currence, as  shown  by  Dr.  Hooker,  of  the 
same  plants  at  points  so  enormously  re- 
mote as  Kerguelen  Land,  New  Zealand, 
and  Fuegia ;  but  icebergs,  as  suggested 
by  Lyell,  may  have  been ^  concerned    in 
their  dispersal.     The  existence  at  these 
and  other  distant  points  of  the  southern 
hemisphere,    of    species,   which,   though 
distinct,    belong    to    genera    exclusively 
confined  to  the  south,  is  a  more  remark- 
able case.     Some  of  these  species  are  so 
distinct,   that  we   cannot    suppose    that 
there  has  been  time  since  the  commence- 
ment of  the  last  Glacial  period  for  their 
migration   and   subsequent   modification 
to  the  necessary  degree.     The  facts  seem 
to  indicate  that  distinct  species  belonging 
to  the  same  genera  have  migrated  in  ra- 
diating lines  from  a  common  center ;  and 
I  am  inclined  to  look  in  the  southern,  as 
in  the  northern  hemisphere,  to  a  former 
and   warmer    period,    before    the    com- 
mencement of  the   last   Glacial   period, 
when  the  Antarctic  lands,  now  covered 
with  ice,  supported  a  highly  peculiar  and 
isolated  flora.     It  may  be  suspected  that 
before  this  flora  was  exterminated  during 
the  last  Glacial  epoch,  a  few  forms  had 
been  already  widely  dispersed  to  various 
points  of  the  southern  hemisphere  by  oc- 
casional means  of  transport,  and  by  the 
aid  as  halting-places,  of  now  sunken  isl- 
ands.     Thus    the   southern    shores    of 
America,    Australia,    and   New  Zealand, 
may  have  become  slightly  tinted,  by  the 
same  peculiar  forms  of  life. 

657.  Sir  C.  Lyell  in  a. striking  passage 
has  speculated,  in  language  almost  iden- 
tical with  mine,  on  the  effects  of  great  al- 
ternations   of    climate    throughout    the 
\vorld  on  geographical  distribution.     And 
nre  have  now  seen  that  Mr.  Croll's  con- 
clusion that  successive  Glacial  periods  in 
the  one  hemisphere  coincide  with  warmer 
periods  in  the  opposite  hemisphere,  to- 
gether with  the   admission    of  the  slow 
modification  of  species,  explains  a  multi- 
tude of  facts  in  the  distribution  of  the 
same  and  of  the  allied  forms  of  life  in  all 
parts  of   the  globe.     The   living  waters 


have  flowed  during  one  period  from  the 
north  and  during  another  from  the  south, 
and  in  both  cases  have  reached  the  equa« 
tor:  but  the  stream  of  life  has  flowed 
with  greater  force  from  the  north  than  in 
the  opposite  direction,  and  has  conse- 
quently more  freely  inundated  the  south. 
As  the  tide  leaves  its  drift  in  horizontal 
lines,  rising  higher  on  the  shores  where 
the  tide  rises  highest,  so  have  the  living 
waters  left  their  living  drift  on  our  moun- 
tain summits,  in  a  line  gently  rising  from 
the  Arctic  lowlands  to  a  great  altitude 
under  the  equator.  The  various  beings 
thus  left  stranded  may  be  compared  with 
savage  races  of  man,  driven  up  and  sur- 
viving in  the  mountain  fastnesses  of  al- 
most every  land,  which  serve  as  a  record, 
full  of  interest  to  us,  of  the  former  inhab- 
itants of  the  surrounding  lowlands. 


CHAPTER  XIII. 

GEOGRAPHICAL  DISTRIBUTION — Con- 
tinued. 

Distribution  of  fresh-water  productions — On  the 
inhabitants  of  oceanic  islands — Absence  of  Ba- 
trachians  and  of  terrestrial  Mammals — On  the 
relation  of  the  inhabitants  of  islands  to  those  of 
the  nearest  mainland — On  colonization  from  the 
nearest  source  with  subsequent  modification — 
Summary  of  the  last  chapter. 

Fresh-water  Productions. 

658.  As  lakes  and  river-systems  are  sep- 
arated from  each  other  by   barriers  of 
land,  it  might  have  been  thought  that 
fresh-water  productions  would  not  have 
ranged  widely  within  the  same  country, 
and  as  the  sea  is  apparently  a  still  more 
formidable  barrier,  that  they  would  never 
have  extended  to  distant  countries.     But 
the  case  is  exactly  the  reverse.     Not  only 
have  many  fresh-water  species,  belonging 
to  different  classes,  an  enormous  range, 
but  allied  species  prevail  in  a  remarkable 
manner   throughout  the   world.    When 
first  collecting  in  the  fresh  waters  of  Bra- 
zil, I  well  remember  feeling  much  surprise 
at  the  similarity  of  the  fresh- water  insects, 
shells,  etc.,  and  at  the  dissimilarity  of  the 
surrounding  terrestrial  beings,  compared 
with  those  of  Britain. 

659.  But  the  wide   ranging  power  pi 
fresh-water  productions  can,  I  think,  in 
most  cases  be  explained  by  their  having 
become  fitted,  in  a  manner  highly  useful 
to  them,  for  short  and  frequent  migra- 
tions from  pond  to  pond,  or  from  stream 
to  stream  within  their  own  countries ; 
and  liability  to  wide  dispersal  would  fol- 
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low  from  this  capacity  as  an  almost  nec- 
essary consequence.  We  can  here  con- 
sider only  a  few  cases  ;  of  these,  some  of 
the  most  difficult  to  explain  are  presented 
by  fish.  It  was  formerly  believed  that 
the  same  fresh-water  species  never  ex- 
isted on  two  continents  distant  from  each 
other.  But  Dr.  Giinther  has  lately  shown 
that  the  Galaxias  attenuatus  inhabits 
Tasmania,  New  Zealand,  the  Falkland 
Islands,  and  the  mainland  of  South 
America.  This  is  a  wonderful  case,  and 
probably  indicates  dispersal  from  an  Ant- 
arctic center  during  a  former  warm  period. 
This  case,  however,  is  rendered  in  some 
degree  less  surprising  by  the  species  of 
this  genus  having  the  power  of  crossing 
by  some  unknown  means  considerable 
spaces  of  open  ocean  :  thus  there  is  one 
species  common  to  New  Zealand  and  to 
the  Auckland  Islands,  though  separated 
by  a  distance  of  about  230  miles.  On 
the  same  continent  fresh-water  fish  often 
range  widely,  and  as  if  capriciously ;  for 
in  two  adjoining  river-systems  some  of 
the  species  may  be  the  same,  and  some 
wholly  different.  It  is  probable  that  they 
are  occasionally  transported  by  what  may 
be  called  accidental  means.  Thus  fishes 
still  alive  are  not  very  rarely  dropped  at 
distant  points  by  whirlwinds ;  and  it  is 
known  that  the  ova  retain  their  vitality 
for  a  considerable  time  after  removal  from 
the  water.«  Their  dispersal  may,  however, 
be  mainly  attributed  to  changes  in  the 
level  of  the  land  within  the  recent  period, 
causing  rivers  to  flow  into  each  other. 
Instances,  also,  could  be  given  of  this 
having  occurred  during  floods,  without 
any  change  of  level.  The  wide  difference 
of  the  fish  on  the  opposite  sides  of  most 
mountain-ranges,  which  are  continuous, 
and  which  consequently  must  from  an 
early  period  have  completely  prevented 
the  inosculation  of  the  river-systems  on 
the  two  sides  leads  to  the  same  conclu- 
sion. Some  fresh-water  fish  belong  to 
very  ancient  forms,  and  in  such  cases 
there  will  have  been  ample  time  for  great 
geographical  changes,  and  consequently 
time  and  means  for  much  migration. 
Moreover  Dr.  Giinther  has  recently  been 
lead  by  several  considerations  to  infer 
that  with  fishes  the  same  forms  have  a 
long  endurance.  Salt-water  fish  can 
with  care  be  slowly  accustomed  to  live 
in  fresh  water.;  and  according  to  Valen- 
ciennes, there  is  hardly  a  single  group  of 
which  ail  the  members  are  confined  to 
fresh  water,  so  that  a  marine  species  be- 
longing to  a  fresh-water  group  might 
travel  far  along  the  shores  of  the  sea,  and 


could,  it  is  probable,  become  adapted 
without  much  difficulty  to  the  fresh  wa- 
ters of  a  distant  land. 

660.  Some  species  of  fresh-water  shells 
have  very  wide  ranges,  and  allied  species 
which,  on  our  theory,  are  descended  from 
a  common  parent,  and  must  have  pro- 
ceeded  from    a    single    source,    prevail 
throughout  the  world.     Their  distribution 
at  first  perplexed  me  much,  as  their  ova 
are  not  likely  to  be  transported  by  birds; 
and  the  ova,  as  well  as  the  adults,  are 
immediately  killed  by  sea-water.     I  could 
not  even  understand  how  some  natural- 
ized species  have  spread  rapidly  through- 
out the  same  country.     But   two  facts, 
which  I  have  observed — and  many  others 
no  doubt  will  be  discovered — throw  some 
light  on  this  subject.     When  ducks  sud- 
denly emerge  from  a  pond  covered  with 
duck-weed,  I  have  twice  seen  these  little 
plants  adhering  to  their  backs ;  and  it  has 
happened  to  me,  in  removing  a  little  duck- 
weed from  one  aquarium  to  another,  that 
I  have  unintentionally  stocked  the   one 
with  fresh-water  shells  from  the  other. 
But  another  agency  is  perhaps  more  ef- 
fectual ;  I  suspended  the  feet  of  a  duck 
in  an  aquarium,  where  many  ova  of  fresh- 
water shells  were  hatching ;  and  I  found 
that    numbers  of    the  extremely  minute 
and  just-hatched   shells  crawled  on  the 
feet,  and  clung  to  them  so  firmly   that 
when  taken  out  of  the  water  they  could 
not  be  jarred  off,  though  at  a  somewhat 
more  advanced  age  they  would  volunta- 
rily -drop  off.     These  just-hatched  mol- 
luscs, though  aquatic  in  their  nature,  sur- 
vived on  the  duck's    feet,  in  damp  air, 
from  twelve  to  twenty  hours  ;  and  in  this 
length  of  time  a  duck  or  heron  might  fly 
at  least  six  or  seven  hundred  miles,  and 
if  blown  across  the  sea   to  an  oceanic 
island,   or  to  any  other   distant    point, 
would  be  sure  to  alight  on  a  pool  or  rivu- 
let.    Sir  Charles  Lyell  informs  me  that  a 
Dytiscus  has  been  caught  \vith  an  Ancy- 
lus  (a  fresh-water  shell  like  c.  limpet)  firm- 
ly adhering  to  it ;  and  a  water-beetle  of  the 
same  family,  a  Colymbetes,  once  flew  on 
board  the  "  Beagle,"  when  forty-five  miles 
distant  from  the  nearest  land  :  how  much 
farther  it  might  have  been  blown  by  a  fa- 
voring gale  no  one  can  tell. 

661.  With  respect  to  plants,  it  has  long 
been  known  what  enormous  ranges  many 
fresh-water,  and  even  marsh  species,  have, 
both  over  continents  and  to  the  most  re- 
mote oceanic  islands.  This  is  strikingly  il- 
lustrated, according  to  Alph.  de  Candolle. 
in  those  large  groups  of  terrestrial  plants, 
which  have  very  few  aquatic  members ;  for 
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the  latter  seem  immediately  to  acquire,  as 
if  in  consequence,  a  wide  range.  I  think 
favorable  means  of  dispersal  explain  this 
fact.  I  have  before  mentioned  that  earth 
occasionally  adheres  in  some  quantity  to 
the  feet  and  beaks  of  birds.  Wading 
birds,  which  frequent  the  muddy  edges  of 
ponds,  if  suddenly  flushed,  would  be  the 
most  likely  to  have  muddy  feet.  Birds  of 
this  order  wander  more  than  those  of  any 
other ;  and  they  are  occasionally  found 
on  the  most  remote  and  barren  islands  of 
the  open  ocean ;  they  would  not  be  likely 
to  alight  on  the  surface  of  the  sea,  so  that 
any  dirt  on  their  feet  would  not  be  washed 
off ;  and  when  gaining  the  land,  they 
would  be  sure  to  fly  to  their  natural  fresh- 
water haunts.  I  do  not  believe  that  bot- 
anists are  aware  how  charged  the  mud  of 
ponds  is  with  seeds  ;  I  have  tried  several 
little  experiments,  but  will  here  give  only 
the  most  striking  case  :  I  took  in  February 
three  tablespoonfuls  of  mud  from  three 
different  points,  beneath  water,  on  the 
edge  of  a  little  pond  :  this  mud  when  dried 
weighed  only  6f  ounces ;  I  kept  it  covered 
up  in  my  study  for  six  months,  pulling  up 
and  counting  each  plant  as  it  grew ;  the 
plants  were  of  many  kinds,  and  were  alto- 
gether 537  in  number;  and  yet  the  viscid 
mud  was  all  contained  in  a  breakfast  cup  ! 
Considering  these  facts,  I  think  it  would 
be  an  inexplicable  circumstance  if  water- 
birds  did  not  transport  the  seeds  of  fresh- 
water plants  to  unstocked  ponds  and 
streams,  situated  at  very  distant  points. 
The  same  agency  may  have  come  into 
play  with  the  eggs  of  some  of  the  smaller 
fresh-water  animals. 

662.  Other  and  unknown  agencies  prob- 
ably have  also  played  a  part.  I  have  stat- 
ed that  fresh-water  fish  eat  some  kinds 
of  seeds,  though  they  reject  many  other 
kinds  after  having  swallowed  them ;  even 
small  fish  swallow  seeds  of  moderate  size, 
as  of  the  yellow  water-lily  and  Potamoge- 
ton.  Herons  and  other  birds,  century  af- 
ter century,  have  gone  on  daily  devouring 
fish  ;  they  then  take  flight  and  go  to  other 
waters,  or  are  blown  across  the  sea ;  and 
we  have  seen  that  seeds  retain  their  power 
of  germination,  when  rejected  many  hours 
afterward  in  pellets  or  in  the  excrement. 
When  I  saw  the  great  size  of  the  seeds  of 
that  fine  water-lily,  the  Nelumbium,  and 
remembered  Alph.  de  Candolle's  remarks 
on  the  distribution  of  this  plant,  I  thought 
that  the  means  of  its  dispersal  must  re- 
main inexplicable ;  but  Audubon  states 
that  he  found  the  seeds  of  the  great  south- 
ern water-lily  (probably,  according  to  Dr. 
Hooker,  the  Nelumbium  luteum)  in  a  her- 


on's stomach.  Now  this  bird  must  often 
have  flown  with  its  stomach  thus  well 
stocked  to  distant  ponds  and  then  getting 
a  hearty  meal  of  fish,  analogy  makes  me 
believe  that  it  would  have  rejected  the 
seeds  in  a  pellet  in  a  fit  state  for  germina- 
tion. 

663.  In  considering  these  several  means 
of  distribution,  it  should  be  remembered 
that  when  a  pond  or  stream  is  first  formed, 
for  instance,  on  a  rising  islet,  it  will  be  un- 
occupied ;  and  a  single  seed  or  egg  will 
have  a  good  chance  of  succeeding.  Al- 
though there  will  always  be  a  struggle  for 
life  between  the  inhabitants  of  the  same 
pond,  however  few  in  kind,  yet  as  the 
number  even  in  a  well-stocked  pond  is 
small  in  comparison  with  the  number  of 
species  inhabiting  an  equal  area  of  land, 
the  competition  between  them  will  proba- 
bly be  less  severe  than  between  terrestrial 
species;  consequently  an  intruder  from 
the  waters  of  a  foreign  country  would  have 
a  better  chance  of  seizing  on  a  new  place, 
than  in  the  case  of  terrestrial  colonists. 
We  should  also  remember  that  many 
fresh-water  productions  are  low  in  the 
scale  of  nature,  and  we  have  reason  to  be- 
lieve that  such  beings  become  modified 
more  slowly  than  the  high  ;  and  this  will 
give  time  for  the  migration  of  aquatic  spe- 
cies. We  should  not  forget  the  probabil- 
ity of  many  fresh-water  forms  having  for- 
merly ranged  continuously  over  immense 
areas,  and  then  having  become  extinct 
at  intermediate  points.  But  the  wide  dis- 
tribution of  fresh-water  plants  and  of  the 
lower  animals,  whether  retaining  the  same 
identical  form  or  in  some  degree  modified, 
apparently  depends  in  main  part  on  the 
wide  dispersal  of  their  seeds  and  eggs  by 
animals,  more  especially  by  fresh-water 
birds,  which  have  great  powers  of  flight, 
and  naturally  travel  from  one  piece  ol 
water  to  another. 

On  the  Inhabitants  of  Oceanic  Islands. 

664.  We  now  come  to  the  last  of  the 
three  classes  of  facts,  which  I  have  select- 
ed as  presenting  the  greatest  amount  of 
difficulty  with  respect  to  distribution,  on 
the  view  that  not  only  all  the  individuals 
of  the  same  species  have  migrated  from 
some  one  area,  but  that  allied  species,  al- 
though now  inhabiting  the  most  distant 
points,  have  proceeded  from  a  single  area, 
— the  birthplace  of  their  early  progenitors. 
I  have  already  given  my  reasons  for  dis- 
believing in  continental  extensions  within 
the  period  of  existing  species,  on  so  enor. 
mous  a  scale  that  all  the  many  islands  of 
the  several  oceans  were  thus  stocked  with 
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their  present  terrestrial  inhabitants.  This 
view  removes  many  difficulties,  but  it  does 
not  accord  with  all  the  facts  in  regard  to 
the  productions  of  islands.  In  the  follow- 
ing remarks  I  shall  not  confine  myself  to 
the  mere  question  of  dispersal,  but  shall 
consider  some  other  cases  bearing  on  the 
truth  of  the  two  theories  of  independent 
creation  and  of  descent  with  modifica- 
tion. 

665.  The  species  of  all  kinds  which  in- 
habit oceanic  islands  are  few  in  number 
compared  with  those  on  equal  continental 
areas  :  Alph.  de  Candolle  admits  this  for 
plants,  and  Wollaston  for  insects.  New 
Zealand,  for  instance,  with  its  lofty  mount- 
ains and  diversified  stations,  extending 
over  780  miles  of  latitude,  together  with 
the  outlying  islands  of  Auckland,  Camp- 
bell and  Chatham,  contain  altogether  only 
960  kinds  of  flowering  plants ;  if  we  com- 
pare this  moderate  number  with  the  spe- 
cies which  swarm  over  equal  areas  in 
South- Western  Australia  or  at  the  Cape 
of  Good  Hope,  we  must  admit  that  some 
cause,  independently  of  different  physical 
conditions,  has  given  rise  to  so  great  a 
difference  in  number.  Even  the  uniform 
county  of  Cambridge  has  847  plants,  and 
the  little  island  of  Anglesea  764,  but  a  few 
ferns  and  a  few  introduced  plants  are  in- 
cluded in  these  numbers,  and  the  compar- 
ison in  some  other  respects  is  not  quite 
fair.  We  have  evidence  that  the  barren 
island  of  Ascension  aboriginally  possessed 
less  than  half-a-dozen  flowering  plants ;  yet 
many  species  have  now  become  naturalized 
on  it,  as  they  have  in  New  Zealand  and 
on  every  other  oceanic  island  which  can 
be  named.  In  St.  Helena  there  is  reason 
to  believe  that  the  naturalized  plants  and 
animals  have  nearly  or  quite  exterminated 
many  native  productions.  He  who  admits 
the  doctrine  of  the  creation  of  each  sepa- 
rate species,  will  have  to  admit  that  a  suf- 
ficient number  of  the  best  adapted  plants 
and  animals  were  not  created  for  oceanic 
islands ;  for  man  has  unintentionally 
stocked  them  far  more  fully  and  perfectly 
than  did  nature. 

666.  Although  in  oceanic  islands  the 
species  are  few  in  number,  the  proportion 
of  endemic  kinds  (/.  e.  those  found  no- 


where else  in  the  world)  is  olten  ex- 
tremely large.  If  we  compare,  for  in- 
stance, the  number  of  endemic  land-shells 
in  Madeira,  or  of  endemic  birds  in  the 
Galapagos  Archipelago,  with  the  number 
found  on  any  continent,  and  then  compare 
the  area  of  the  island  with  that  of  the  con- 
tinent, we  shall  see  that  this  is  true.  This 
fact  might  have  been  theoretically  ex- 


pected, for,  as  already  explained,  species 
occasionally  arriving  after  long  intervals 
of  time  in  a  new  and  isolated  district,  and 
laving  to  compete  with  new  associates, 
would  be  eminently  liable  to  modification, 
and  would  often  produce  groups  of  modi- 
fied descendants.  But  it  by  no  means 
bllows  that,  because  in  an  island  nearly 
all  the  species  of  one  class  are  peculiar, 
those  of  another  class,  or  of  another  sec- 
tion of  the  same  class,  are  peculiar  ;  and 
this  difference  seems  to  depend  partly  on 
:he  species  which  are  not  modified  having 
mmigrated  in  a  body,  so  that  their  mut- 
ual relations  have  not  been  much  dis- 
turbed ;  and  partly  on  the  frequent  arri- 
val of  unmodified  immigrants  from  the 
mother-country,  with  which  the  insular 
[orms  have  intercrossed.  It  should  be 
aorne  in  mind  that  the  offspring  of  such 
crosses  would  certainly  gain  in  vigor  ;  so 
that  even  an  occasional  cross  would  pro- 
duce more  effect  than  might  have  been 
anticipated.  I  will  give  a  few  illustrations 
of  the  foregoing  remarks  :  in  the  Galapa- 
gos Islands  there  are  26  land-birds;  of 
these  21  (or  perhaps  23)  are  peculiar, 
whereas  of  the  1 1  marine  birds  only  2  are 
peculiar;  and  it  is  obvious  that  marine 
birds  could  arrive  at  these  islands  much 
more  easily  and  frequently  than  land-birds. 
Bermuda,  on  the  other  hand,  which  lies  at 
about  the  same  distance  from  North 
America  as  the  Galapagos  Islands  do 
from  South  America,  and  which  has  a 
very  peculiar  soil,  does  not  possess  a  sin- 
gle endemic  land-bird ;  and  we  know 
from  Mr.  J.  M.  Jones's  admirable  account 
of  Bermuda,  that  very  many  North  Amer- 
ican birds  occasionally  or  even  frequently 
visit  this  island.  Almost  every  year,  as  I 
am  informed  by  Mr.  E.  V.  Harcourt, 
many  European  and  African  birds  are 
blown  to  Madeira ;  this  island  is  inhabited 
by  99  kinds,  of  which  one  alone  is  peculiar, 
though  very  closely  related  to  a  European 
form  ;  and  three  or  four  other  species  are 
confined  to  this  island  and  to  the  Cana- 
ries. So  that  the  Islands  of  Bermuda  and 
Madeira  have  been  stocked  from  the 
neighboring  continents  with  birds,  which 
for  long  ages  have  there  struggled  to- 
gether, and  have  become  mutually  co- 


adapted.     Hence  when 
new  homes,  each  kind 


settled    in 
will    have 


their 
been 
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kept  by  the  others  to  its  proper  place  and 
habits,  and  will  consequently  have  been  but 
little  liable  to  modification.  Any  tendency 
to  modification  will  also  have  been  check- 
ed by  intercrossing  with  the  unmodified 
immigrants,  often  arriving  from  the  moth- 
er-country. Madeira  again  is  inhabited 
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by  a  wonderful  number  of  peculiar  land- 
shells,  whereas  not  one  species  of  sea- 
shell  is  peculiar  to  its  shores  :  now,  though 
we  do  not  know  how  sea-shells  are  dis- 
persed, yet  we  can  see  that  their  eggs  or 
larvae,  perhaps  attached  to  seaweed  or 
floating  timber,  or  to  the  feet  of  wading- 
birds,  might  be  transported  across  three 
or  four  hundred  miles  of  open  sea  far 
more  easily  than  land-shells.  The  differ- 
ent orders  of  insects  inhabiting  Madeira 
present  nearly  parallel  cases. 

667.  Oceanic  islands  are  sometimes 
deficient  in  animals  of  certain  whole 
classes,  and  their  places  are  occupied  by 
other  classes  :  thus  in  the  Galapagos  Isl- 
ands reptiles,  and  in  New  Zealand  gigantic 


wingless  birds,  take,  or  recently  took,  the 
place  of  mammals.  Although  New  Zea- 
land is  here  spoken  of  as  an  oceanic  isl- 
and, it  is  in  some  degree  doubtful 
whether  it  should  be  so  ranked  ;  it  is  of 


shown,  generally  have,  whatever  the 
cause  maybe,  confined  ranges.  Hence 
trees  would  be  little  likely  to  reach  dis- 
tant oceanic  islands ;  and  an  herbaceous 
plant,  which  had  no  chance  of  success- 
fully competing  with  the  many  fully  de- 
veloped trees  growing  on  a  continent, 
might,  when  established  on  an  island, 
gain  an  advantage  over  other  herbaceous 
plants  by  growing  taller  and  taller  and 
overtopping  them.  In  this  case,  natural 
selection  would  tend  to  add  to  the  stature 
of  the  plant,  to  whatever  order  it  be- 
longed, and  thus  first  convert  it  into  a 
bush  and  then  into  a  tree. 

Absence  of  Batrachians  and  Terrestrial 
Mammals  on  Oceanic  Islands. 


669.  With  respect  to  the  absence  of 
whole  orders  of  animals  on  oceanic  isl- 
ands, Bory  St.  Vincent  long  ago  re- 
marked that  Batrachians  (frogs,  toads, 
large  size,  and  is  not  separated  from  Aus-  <  newts)  are  never  found  on  any  of  the 
tralia  by  a  profoundly  deep  sea ;  from  its  i  many  islands  with  which  the  great  oceans 
geological  character  and  the  direction  of  are  studded.  I  have  taken  pains  to  verify 
its  mountain-ranges,  the  Rev.  W.  B. 
Clarke  has  lately  maintained  that  this  isl- 
and, as  well  as  New  Caledonia,  should 
be  considered  as  appurtenances  of  Aus- 


tralia. Turning  to  plants,  Dr.  Hooker 
has  shown  that  in  the  Galapagos  Islands 
the  proportional  numbers  of  the  different 
orders  are  very  different  from  what  they 
are  elsewhere.  All  such  differences  in 
number,  and  the  absence  of  certain  whole 
groups  of  animals  and  plants,  are  gener- 
ally accounted  for  by  supposed  differ- 
ences in  the  physical  conditions  of  the 
islands  ;  but  this  explanation  is  not  a  little 
doubtful.  Facility  of  immigration  seems 
to  have  been  fully  as  important  as  the 
nature  of  the  conditions. 

668.  Many  remarkable  little  facts  could 
be  given  with  respect  to  the  inhabitants 
of  oceanic  islands.  For  instance,  in  cer- 
tain islands  not  tenanted  by  a  single 
mammal,  some  of  the  endemic  plants 
have  beautifully  hooked  seeds ;  yet  few 
relations  are  more  manifest  than  that 
hooks  serve  for  the  transportal  of  seeds 
in  the  wool  or  fur  of  quadrupeds.  But 
a  hooked  seed  might  be  carried  to  an  isl- 
and by  other  means ;  and  the  plant  then 
becoming  modified  would  form  an  en- 
demic species,  still  retaining  its  hooks, 
which  would  form  a  useless  appendage 
like  the  shriveled  wings  under  the  sol- 
dered wing-covers  of  many  insular  beetles. 
Again,  islands  often  possess  trees  or 
bushes  belonging  to  orders  which  else- 
where include  only  herbaceous  species ; 


now  trees,   as   Alph.   de   Candolle    has 
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this  assertion,  and  have  found  it  true, 
with  the  exception  of  New  Zealand,  New 
Caledonia,  the  Andaman  Islands,  and 
perhaps  the  Salomon  Islands  and  the 
Seychelles.  But  I  have  already  remarked 
that  it  is  doubtful  whether  New  Zealand 
and  New  Caledonia  ought  to  be  classed 
as  oceanic  islands  ;  and  this  is  still  more 
doubtful  with  respect  to  the  Andaman 
and  Salomon  groups  and  the  Seychelles. 
This  general  absence  of  frogs,  toads,  and 
newts  on  so  many  true  oceanic  islands 
cannot  be  accounted  for  by  their  physical 
conditions :  indeed  it  seems  that  islands 
are  peculiarly  fitted  for  these  animals  ;  for 
frogs  have  been  introduced  into  Madeira, 
the  Azores,  and  Mauritius,  and  have  mul- 
tiplied so  as  to  become  a  nuisance.  But 
as  these  animals  and  their  spawn  are  im- 
mediately killed  (with  the  exception,  as 
far  as  known,  of  one  Indian  species)  by 
sea-water,  there  would  be  great  difficulty 
in  their  transportal  across  the  sea,  and 
therefore,  we  can  see  why  they  do  not 
exist  on  strictly  oceanic  islands.  But 
why,  on  the  theory  of  creation,  they 
should  not  have  been  created  there,  it 
would  be  very  difficult  to  explain. 

670.  Mammals  offer  another  and  simi- 
lar case.  I  have  carefully  searched  the 
oldest  voyages,  and  have  not  found  a  sin- 
gle instance,  free  from  doubt,  of  a  terres- 
trial mammal  (excluding  domesticated 
animals  kept  by  the  natives)  inhabiting 
an  island  situated  above  300  miles  from 
a  continent  or  great  continental  island ; 
and  many  islands  seated  at  a  much  less 
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distance  are  equally  barren.  The  Falk- 
land Islands,  which  are  inhabited  by  a 
wolf-like  fox,  come  nearest  to  an  excep- 
tion ;  but  this  group  cannot  be  considered 
as  oceanic,  as  it  lies  on  a  bank  in  connec- 
tion with  the  mainland  at  the  distance  of 
about  280  miles  ;  moreover,  icebergs  for- 
merly brought  boulders  to  its  western 
shores,  and  they  may  have  formerly  trans- 
ported foxes,  as  now  frequently  hap- 
pens in  the  arctic  regions.  Yet  it  cannot 
be  said  that  small  islands  will  not  support 
at  least  small  mammals,  for  they  occur  in 
many  parts  of  the  world  on  very  small 
islands,  when  lying  close  to  a  continent ; 
and  hardly  an  island  can  be  named  on 
which  our  smaller  quadrupeds  have  not 
become  naturalized  and  greatly  multi- 
plied. It  cannot  be  said,  on  the  ordinary 
view  of  creation,  that  there  has  not  been 
time  for  the  creation  of  mammals  ;  many 
volcanic  islands  are  sufficiently  ancient,  as 
shown  by  the  stupendous  degradation 
which  they  have  suffered,  and  by  their 
tertiary  strata  :  there  has  also  been  time 
for  the  production  of  endemic  species  be- 
longing to  other  classes ;  and  on  conti- 
nents it  is  known  that  new  species  of 
mammals  appear  and  disappear  at  a 
quicker  rate  than  other  and  lower  ani- 
mals. Although  terrestrial  mammals  do 
not  occur  on  oceanic  islands,  aerial  mam- 
mals do  occur  on  almost  every  island. 
New  Zealand  possesses  two  bats  found 
nowhere  else  in  the  world :  Norfolk  Isl- 
and, the  Viti  Archipelago,  the  Bonin 
Islands,  the  Caroline  and  Marianne  Ar- 
chipelagoes, and  Mauritius,  all  possess 
their  peculiar  bats.  Why,  it  may  be 
asked,  has  the  supposed  creative  force 
produced  bats  and  no  other  mammals  on 
remote  islands  ?  On  my  view  this  ques- 
tion can  easily  be  answered  ;  for  no  ter- 
restrial mammal  can  be  transported  across 
a  wide  space  of  sea,  but  bats  can  fly 
across.  Bats  have  been  seen  wandering 
by  day  far  over  the  Atlantic  Ocean ;  and 
two  North  American  species  either  regu- 
larly or  occasionally  visit  Bermuda,  at 
the  distance  of  600  miles  from  the  main- 
land. I  hear  from  Mr.  Tomes,  who  has 
specially  studied  this  family,  that  many 
species  have  enormous  ranges,  and  are 
found  on  continents  and  on  far  distant 
islands.  Hence  we  have  only  to  suppose 
that  such  wandering  species  have  been 
modified  in  their  new  homes  in  relation 
to  their  new  position,  and  we  can  under- 
stand the  presence  of  endemic  bats  on 
oceanic  islands,  with  the  absence  of  all 
'*her  terrestrial  mammals. 
671.  Another  interesting  relation  exists, 
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namely  between  the  depth'of  the  sea  sep- 
arating islands  from  each  other  or  from 
the  nearest  continent,  and  the  degree  of 
affinity  of  their  mammalian  inhabitants. 
Mr.  Windsor  Earl  has  made  some  strik- 
ing observations  on  this  head,  since 
greatly  extended  by  Mr.  Wallace's  admi- 
rable researches,  in  regard  to  the  great 
Malay  Archipelago,  which  is  traversed 
near  Celebes  by  a  space  of  deep  ocean, 
and  this  separates  two  widely  distinct 
mammalian  faunas.  On  either  side  the 
islands  stand  on  a  moderately  shallow 
submarine  bank,  and  these  islands  are 
inhabited  by  the  same  or  by  closely  allied 
quadrupeds.  I  have  not  as  yet  had  time 
to  follow  up  this  subject  in  all  quarters  of 
the  world  ;  but  as  far  as  I  have  gone,  the 
relation  holds  good.  For  instance,  Brit- 
ain is  separated  by  a  shallow  channel 
from  Europe,  and  the  mammals  are  the 
same  on  both  sides ;  and  so  it  is  with  all 
the  islands  near  the  shores  of  Australia. 
The  West  Indian  Islands,  on  the  other 
hand,  stand  on  a  deeply  submerged  bank, 
nearly  1000  fathoms  in  depth,  and  here 
we  find  American  forms,  but  the  species 
and  even  the  genera  are  quite  distinct. 
As  the  amount  of  modification  which  ani- 
mals of  all  kinds  undergo,  partly  depends 
on  the  lapse  of  time,  and  as  the  islands 
which  are  separated  from  each  other  or 
from  the  mainland  by  shallow  channels, 
are  more  likely  to  have  been  continuously 
united  within  a  recent  period  than  the 
islands  separated  by  deeper  channels,  we 
can  understand  how  it  is  that  a  rela- 
tion exists  between  the  depth  of  the  sea 
separating  two  mammalian  faunas,  and 
the  degree  of  their  affinity, — a  relation 
which  is  quite  inexplicable  on  the  theory 
of  independent  acts  of  creation. 

672.  The  foregoing  statements  in  re- 
gard to  the  inhabitants  of  oceanic  islands, 
— namely,  the  fewness  of  the  species,  with 
a  large  proportion  consisting  of  endemic 
forms — the  members  of  certain  groups, 
but  not  those  of  other  groups  in  the 
same  class,  having  been  modified — the 
absence  of  certain  whole  orders,  as  of 
batrachians  and  of  terrestrial  mammals, 
notwithstanding  the  presence  of  aerial 
bats, — the  singular  proportions  of  certain 
orders  of  plants, — herbaceous  forms  hav- 
ing been  developed  into  trees,  etc., — • 
seem  to  me  to  accord  better  with  the  be- 
lief in  the  efficiency  of  occasional  means 
of  transport,  carried  on  during  a  long 
course  of  time,  than  with  the  belief  in  the 
former  connection  of  all  oceanic  islands 
with  the  nearest  continent ;  for  on  this 
latter  view  it  is  probable  that  the  various 
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classes  would  have  immigrated  more  uni- 
formly, and  from  the  species  having  en- 
tered in  a  body  their  mutual  relations 
would  not  have  been  much  disturbed,  and 
consequently  they  would  either  have  not 
been  modified,  or  all  the  species  in  a 
more  equable  manner. 

673.  I  do  not  deny  that  there  are  many 
and  serious  difficulties  in  understanding 
how  many  of  the  inhabitants  of  the  more 
remote  islands,  whether  still  retaining  the 
same  specific  form  or  subsequently  modi- 
fied, have  reached  their  present  homes. 
But  the  probability  of  other  islands  hav- 
ing once  existed  as  halting-places,  of 
which  not  a  wreck  now  remains,  must 
not  be  overlooked.  I  will  specify  one  dif- 
ficult case.  Almost  all  oceanic  islands, 
even  the  most  isolated  and  smallest,  are 
inhabited  by  land-shells,  generally  by 
endemic  species,  but  sometimes  by  spe- 
cies found  elsewhere, — striking  instances 
of  which  have  been  given  by  Dr.  A.  A. 
Gould  in  relation  to  the  Pacific.  Now  it 
is  notorious  that  land-shells  are  easily 
killed  by  sea-water ;  their  eggs,  at  least 
such  as  I  have  tried,  sink  in  it  and  are 
killed.  Yet  there  must  be  some  unknown, 
but  occasionally  efficient  means  for  their 
transportal.  Would  the  just-hatched 
young  sometimes  adhere  to  the  feet  of 
birds  roosting  on  the  ground,  and  thus 
get  transported  ?  It  occurred  to  me  that 
land-shells,  when  hibernating  and  hav- 
ing a  membranous  diaphragm  over  the 
mouth  of  the  shell,  might  "be  floated  in 
chinks  of  drifted  timber  across  moder- 
ately wide  arms  of  the  sea.  And  I  find 
that  several  species  in  this  state  withstand 
uninjured  an  immersion  in  sea-water  dur- 
ing seven  days ;  one  shell,  the  Helix 
pomatia,  after  having  been  thus  treated 
and  again  hibernating  was  put  into  sea- 
water  for  twenty  days,  and  perfectly 
recovered.  During  this  length  of  time 
the  shell  might  have  been  carried  by  a 
marine  current  of  average  swiftness  to  a 
distance  of  660  geographical  miles.  As 
this  Helix  has  a  thick  calcareous  opercu- 
lum,  I  removed  it,  and  when  it  had  formed 
a  new  membranous  one,  I  again  im- 
mersed it  for  fourteen  days  in  sea-water, 
and  again  it  recovered  and  crawled  away. 
Baron  Aucapitaine  has  since  tried  similar 
experiments :  he  placed  100  land-shells, 
belonging  to  ten  species,  in  a  box  pierced 
with  holes,  and  immersed  it  for  a  fort- 
night in  the  sea.  Out  of  the  hundred 
shells,  twenty-seven  recovered.  The  pres- 


ence of  an  operculum  seems  to  have  been 
of  importance,  as  out  of  twelve    speci- 


mens of  Cyclostoma  elegans,  which  is 


thus  furnished,  eleven  revived.  It  is  re- 
markable, seeing  how  well  the  Helix  po- 
matia resisted  with  me  the  salt-water  that 
not  one  of  fifty-four  specimens  belong- 
ing to  four  other  species  of  Helix  tried 
by  Aucapitaine,  recovered.  It  is,  how- 
ever, not  at  all  probable  that  land  shells 
have  often  been  thus  transported ;  the 
feet  of  birds  offer  a  more  probable 
method. 
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lands  to  those  of  the  nearest  Mainland. 

674.  The  most  striking  and  important 
fact  for  us  is  the  affinity  of  the  species 
which  inhabit  islands  to  those  of  the  near- 
est mainland,  without  being  actually  the 
same.  Numerous  instances  could  be 
given.  The  Galapagos  Archipelago, 
situated  under  the  equator,  lies  at  the 
distance  of  between  500  and  600  miles 
from  the  shores  of  South  America. 
Here  almost  every  product  of  the  land 
and  of  the  water  bears  the  unmistakable 
stamp  of  the  American  continent.  There 
are  twenty-six  land-birds ;  of  these,  twen- 
ty-one or  perhaps  twenty-three  are  ranked 
as  distinct  species  and  would  commonly  be 
assumed  to  have  been  here  created  ;  yet 
the  close  affinity  of  most  of  these  birds 
to  American  species  is  manifest  in  every 
.character,  in  their  habits,  gestures,  and 
tones  of  voice.  So  it  is  with  the  other 
animals,  and  with  a  large  proportion  of 
the  plants,  as  shown  by  Dr.  Hooker  in 
his  admirable  Flora  of  this  archipelago. 
The  naturalist,  looking  at  the  inhabitants 
of  these  volcanic  islands  in  the  Pacific, 
distant  several  hundred  miles  from  the 
continent,  feels  that  he  is  standing  on 
American  land.  Why  should  this  be 
so  ?  why  should  the  species  which  are 
supposed  to  have  been  created  in  the 
Galapagos  Archipelago,  and  nowhere 
else,  bear  so  plainly  the  stamp  of 
affinity  to  those  created  in  America? 
There  is  nothing  in  the  conditions  of  life, 
in  the  geological  nature  of  the  islands,  in 
their  height  or  climate,  or  in  the  propor- 
tions in  which  the  several  classes  are  as- 
sociated together,  which  closely  resembles 
the  conditions  of  the  South  American 
coast :  in  fact,  there  is  a  considerable  dis- 
similarity in  all  these  respects.  On  the 
other  hand,  there  is  a  considerable  degree 
of  resemblance  in  the  volcanic  nature  of 
the  soil,  in  the  climate,  height,  and  size 
of  the  islands,  between  the  Galapagos 
and  Cape  de  Verde  Archipelagoes :  but 
what  an  entire  and  absolute  difference  in 
their  inhabitants!  The  inhabitants  of 
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those  of  Africa,  like  those  of  the  Galapa- 
gos to  America.  Facts  such  as  these 
admit  of  no  sort  of  explanation  on  the  or- 
dinary view  of  independent  creation; 
whereas  on  the  view  here  maintained,  it 
is  obvious  that  the  Galapagos  Islands 
would  be  likely  to  receive  colonists  from 
America,  whether  by  occasional  means 
of  transport  or  (though  I  do  not  believe 
in  this  doctrine)  by  formerly  continuous 
land,  and  the  Cape  de  Verde  Islands  from 
Africa  ;  such  colonists  would  be  liable  to 
modification, — the  principle  of  inheritance 
still  betraying  their  original  birthplace. 

675.  Many  analogous  facts  could  be 
given :  indeed  it  is  an  almost  universal 
rule   that   the    endemic   productions    of 
islands  are  related  to  those  of  the  nearest 
continent,  or  of  the  nearest  large  island. 
The  exceptions    are   few,   and  most  of 
them  can  be  explained.    Thus  although 
Kerguelen  Land   stands   nearer   to   Af- 
rica than    to  America,  the     plants    are 
related,  and  that  very  closely,  as  we  know 
from  Dr.  Hooker's  account,  to  those  of 
America  :  but  on  the  view  that  this  island 
has  been  mainly  stocked  by  seeds  brought 
with  earth  and  stones  on  icebergs,  drifted 
by  the  prevailing  currents,  this  anomaly 
disappears.     New  Zealand  in  its  endemic 
plants  is  much   more  closely  related  to 
Australia,  the  nearest  mainland,  than  to 
any  other  region  :  and  this  is  what  might 
have  been  expected  ;  but  it  is  also  plainly 
related  to  South  America,  which,  although 
the  next  nearest  continent,  is  so  enor- 
mously remote,  that  the  fact  becomes  an 
anomaly.     But  this  difficulty  partially  dis- 
appears on  the  view  that  New  Zealand, 
South  America,  and  the  other  southern 
lands  have  been  stocked  in  part  from  a 
nearly  intermediate  though  distant  point, 
namely  from  the  antarctic  islands,  when 
they  were  clothed  with  vegetation,  during 
a  warmer  tertiary  period,  before  the  com- 
mencement  of  the   last   Glacial  period. 
The  affinity,  which,  though  feeble,  I  am 
assured   by  Dr.  Hooker  is  real,  between 
the  flora  of  the  south-western  corner  of 
Australia  and  of  the  Cape  of  Good  Hope, 
is  a  far  more  remarkable  case  ;  but  this 
affinity  is  confined  to  the  plants,  and  will, 
no  doubt,  some  day  be  explained. 

676.  The  same  law  which  has  deter- 
mined the  relationship  between  the  inhab- 
itants of  islands  and  the  nearest  mainland, 
is  sometimes  displayed  on  a  small  scale, 
but  in  a  most  interesting  manner,  within 
the  limits  of  the  same  archipelago.     Thus 
each  separate   island  of  the   Galapagos 
Archipelago  is  tenanted,  and  the  fact  is  a 
marvelous  one,  by  many  distinct  species : 
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but  these  species  are  related  to  each  other 
in  a  very  much  closer  manner  than  to  tha 
inhabitants  of  the  American  continent,  or 
of  any  other  quarter  of  the  world.  This 
is  what  might  have  been  expected,  for 
islands  situated  so  near  to  each  other 
would  almost  necessarily  receive  immi- 
grants from  the  same  original  source, 
and  from  each  other.  But  how  is  it 
that  many  of  the  immigrants  have  been 
differently  modified,  though  only  in  a 
small  degree,  in  islands  situated  within 
sight  of  each  other,  having  the  same  geo- 
logical nature,  the  same  height,  climate, 
etc.  ?  This  long  appeared  to  me  a  great 
difficulty  :  but  it  arises  in  chief  part  from 
the  deeply-seated  error  of  considering  the 
physical  conditions  of  a  country  as  the 
most  important ;  whereas  it  cannot  be 
disputed  that  the  nature  of  the  other  spe- 
cies with  which  each  has  to  ccjnpete,  is 
at  least  as  important,  and  generally  a  far 
more  important  element  of  success.  Now 
if  we  look  to  the  species  which  inhabit 
the  Galapagos  Archipelago  and  are  like- 
wise found  in  other  parts  of  the  world, 
we  find  that  they  differ  considerably  in 
the  several  islands.  This  difference 
might  indeed  have  been  expected  if  the 
islands  have  been  stocked  by  occasional 
means  of  transport— -a  seed,  for  instance, 
of  one  plant  having  been  brought  to  one 
island,  and  that  of  another  plant  to  an- 
other island,  though  all  proceeding  from 
the  same  general  source.  Hence,  when 
in  former  times  an  immigrant  first  settled 
on  one  of  the  islands,  or  when  it  subse- 
quently spread  from  one  to  another,  it 
would  undoubtedly  be  exposed  to  differ- 
ent conditions  in  the  different  islands, 
for  it  would  have  to  compete  with  a  dif- 
ferent set  of  organisms  ;  a  plant  for  in- 
stance, would  find  the  ground  best  fitted 
for  it  occupied  by  somewhat  different 
species  in  the  different  islands,  and  would 
be  exposed  to  the  attacks  of  somewhat 
different  enemies.  If  then  it  varied,  nat- 
ural selection  would  probably  favor  differ- 
ent varieties  in  the  different  islands. 
Some  species,  however,  might  spread  and 
yet  retain  the  same  character  throughout 
the  group,  just  as  we  see  some  species 
spreading  widely  throughout  a  continent 
and  remaining  the  same. 

677.  The  really  surprising  fact  in  this 
case  of  the  Galapagos  Archipelago,  and  in 
a  lesser  degree  in  some  analogous  cases, 
is  that  each  new  species  after  being 
formed  in  any  one  island,  did  not  spread 
quickly  to  the  other  islands.  But  the 
islands,  though  in  sight  of  each  other,  are 
separated  by  deep  arms  of  the  sea,  in 
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most  cases  wider  than  the  British  Chan- 
nel, and  there  is  no  reason  to  suppose 
that  they  have  at  any  former  period  been 
continuously  united.  The  currents  of 
\he  sea  are  rapid  and  sweep  between  the 
islands,  and  gales  of  wind  are  extraordi- 
narily rare ;  so  that  the  islands  are  far 
more  effectually  separated  from  each 
\>ther  than  they  appear  on  a  map.  Never- 
theless some  of  the  species,  both  of  those 
found  in  other  parts  of  the  world  and  of 
those  confined  to  the  archipelago,  are 
common  to  the  several  islands ;  and  we 
may  infer  from  their  present  manner  of 
distribution,  that  they  have  spread  from 
one  island  to  the  others.  But  we  often 
take,  I  think,  an  erroneous  view  of  the 
probability  of  closely-allied  species  invad- 
ing each  other's  territory,  when  put  into 
free  intercommunication.  Undoubtedly, 
if  one  species  has  any  advantage  over 
another,  it  will  in  a  very  brief  time  wholly 
or  in  part  supplant  it ;  but  if  both  are 
equally  well  fitted  for  their  own  places, 
both  will  probably  hold  their  separate 
places  for  almost  any  length  of  time. 
Being  familiar  with  the  fact  that  many 
species,  naturalized  through  man's  agen- 
cy, have  spread  with  astonishing  rapidity 
aver  wide  areas,  we  are  apt  to  infer  that 
most  species  would  thus  spread  ;  but  we 
should  remember  that  the  species  which 
become  naturalized  in  new  countries  are 
not  generally  closely  allied  to  >the  aborigi- 
nal inhabitants,  but  are  very  distinct  forms, 
belonging  in  a  large  proportion  of  cases, 
as  shown  by  Alph.  de  Candolle,  to  dis- 
tinct genera.  In  the  Galapagos  Archi- 
pelago, many  even  of  the  birds,  though 
so  well  adapted  for  flying  from  island  to 
island,  differ  on  the  different  islands  ;  thus 
there  are  three  closely-allied  species  of 
mocking-thrush,  each  confined  to  its  own 
island.  Now  let  us  suppose  the  mocking- 
thrush  of  Chatham  Island  to  be  blown  to 
Charles  Island,  which  has  its  own  mock- 
ing-thrush ;  why  should  it  succeed  in  es- 
tablishing itself  there  ?  We  may  safely 
infer  that  Charles  Island  is  well  stocked 
with  its  own  species,  for  annually  more 
eggs  are  laid  and  young  birds  hatched, 
than  can  possibly  be  reared  ;  and  we  may 
infer  that  the  mocking-thrush  peculiar  to 
Charles  Island  is  at  least  as  well  fitted  for 
its  home  as  is  the  species  peculiar  to 
Chatham  Island.  Sir  C.  Lyell  and  Mr. 
Wollaston  have  communicated  to  me  a 
remarkable  fact  bearing  on  this  subject ; 
namely,  that  Madeira  and  the  adjoining 
islet  of  Porto  Santo  possess  many  distinct 
but  representative  species  of  land-shells, 
some  of  which  live  in  crevices  of  stone ; 
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and  although  large  quantities  of  stone  are 
annually  transported  from  Porto  Santo  to 
Madeira,  yet  this  latter  island  has  not  be- 
come colonized  by  the  Porto  Santo  spe- 
cies :  nevertheless  both  islands  have  been 
colonized  by  European  land-shells,  which 
no  doubt  had  some  advantage  over  the  in- 
digenous species.  From  these  considera- 
tions I  think  we  need  not  greatly  marvel 
at  the  endemic  species  which  inhabit  the 
several  islands  of  the  Galapagos  Archi- 
pelago, not  having  all  spread  from  island 
to  island.  On  the  same  continent,  also, 
preoccupation  has  probably  played  an  im- 
portant part  in  checking  the  commingling 
of  the  species  which  inhabit  different  dis- 
tricts with  nearly  the  same  physical  con- 
ditions. Thus,  the  south-east  and  south- 
west corners  of  Australia  have  nearly  the 
same  physical  conditions,  and  are  unit- 
ed by  continuous  land,  yet  they  are  inhab 
ited  by  a  vast  number  of  distinct  mam- 
mals, birds,  and  plants ;  so  it  is,  according 
to  Mr.  Bates,  with  the  butterflies  and  other 
animals  inhabiting  the  great,  open,  and 
continuous  valley  of  the  Amazons. 

678.  The  same  principle  which  governs 
the  general  character  of  the  inhabitants  of 
oceanic  islands,  namely,  the  relation  to  the 
source  whence  colonists  could  have  been 
most  easily  derived,  together  with  their 
subsequent  modification,  is  of  the  widest 
application  throughout  nature.  We  see 
this  on  every  mountain-summit,  in  every 
lake  and  marsh.  For  Alpine  species,  ex- 
cepting in  as  far  as  the  same  species  have 
become  widely  spread  during  the  Glacial 
epoch,  are  related  to  those  of  the  sur- 
rounding lowlands ;  thus  we  have  in 
South  America,  Alpine  humming-birds, 
Alpine  rodents,  Alpine  plants,  etc.,  all 
strictly  belonging  to  American  forms ; 
and  it  is  obvious  that  a  mountain,  as  it 
became  slowly  upheaved,  would  be  col- 
onized from  the  surrounding  lowlands. 
So  it  is  with  the  inhabitants  of  lakes  and 
marshes,  excepting  in  so  far  as  great  fa- 
cility of  transport  has  allowed  the  same 
forms  to  prevail  throughout  large  portions 
of  the  world.  We  see  this  same  principle 
in  the  character  of  most  of  the  blind  ani- 
mals inhabiting  the  caves  of  America 
and  of  Europe.  Other  analogous  facts 
could  be  given.  It  will,  I  believe,  be 
found  universally  true,  that  wherever  in 
two  regions,  let  them  be  ever  so  distant, 
many  closely  allied  or  representative  spe- 
cies occur,  there  will  likewise  be  found 
some  identical  species;  and  wherever 
many  closely-allied  species  occur,  there 
will  be  found  many  forms  which  some 
naturalists  rank  as  distinct  species,  and 
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others  as  mere  varieties ;  these  doubtful 
forms  showing  us  the  steps  in  the  prog- 
ress of  modification. 

679.  The  relation  between  the  power 
and  extent  of  migration  in  certain  species, 
either  at  the  present  or  at  some  former 
period,  and  the  existence  at  remote  points 
of  the  world  of  closely-allied  species,  is 
shown  in  another  and  more  general  way. 
.Mr.   Gould  remarked  to   me   long  ago, 
that  in  those  genera  of  birds  which  range 
over  the  world,  many  of  the  species  have 
very  wide  ranges.     I  can  hardly  doubt 
that  this   rule  is  generally  true,   though 
difficult    of    proof.     Among    mammals, 
we  see  it  strikingly  displayed  in  Bats,  and 
in  a  lesser  degree  in  the  Felidas  and  Can- 
idae.     We  see  the  same  rule  in  the  distri- 
bution of  butterflies  and  beetles.     So  it  is 
with  most  of  the  inhabitants  of  fresh  wa- 
ter, for  many  of  the  genera  in  the  most 
distinct  classes  range  over  the  world,  and 
many   of  the    species    have     enormous 
ranges.     It  is  not  meant  that  all,  but  that 
some  of  the  species  have  very  wide  ranges 
in  the  genera  which  range  very  widely. 
Nor  is  it  meant  that  the  species  in  such 
genera  have  on  an  average  a  very  wide 
range ;  for  this  will  largely  depend  on 
how  far  the  process  of  modification  has 
gone ;  for  instance,  two  varieties  of  the 
same  species  inhabit  America  and  Eu- 
rope, and  thus  the  species  has  an  im- 
mense range  ;  but,  if  variation  were  to  be 
carried  a  little  further,  the  two  varieties 
would  be  ranked  as  distinct  species,  and 
their  range  would  be  greatly  reduced. 
Still  less  is  it  meant,  that  species  which 
have  the  capacity  of  crossing  barriers  and 
ranging  widely,  as  in  the  case  of  certain 
powerfully-winged  birds,  will  necessarily 
range  widely ;  for  we  should  never  forget 
that  to  range  widely  implies  not  only  the 
power  of  crossing  barriers,  but  the  more 
important  power  of  being  victorious  in 
distant  lands  in  the  struggle  for  life  with 
foreign  associates.     But  according  to  the 
view  that  all    the  species  of    a  genus, 
though  distributed  to  the  most  remote 
points  of  the  world,  are  descended  from 
a  single  progenitor,  we  ought  to  find,  and 
I  believe  as  a  general  rule  we  do  find,  that 
some  at  least  of  the  species  range  very 
widely. 

680.  We  should  bear  in  mind  that  many 
genera  in  all  classes  are  of  ancient  origin, 
and  the  species  in  this  case  will  have  had 
ample  time  for  dispersal  and  subsequent 
modification.    There  is  also  reason  to  be- 
lieve from  geological  evidence,  that  with- 
in each  great  class  the  lower  organisms 
change  at  a  slower  rate  than  the  higher ; 
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consequently  they  will  have  had  a  better 
chance  of  ranging  widely  and  of  still  re- 
taining the  same  specific  character.  This 
fact,  together  with  that  of  the  seeds  and 
eggs  of  most  lowly  organized  forms 
being  very  minute  and  better  fitted  for 
distant  transportal,  probably  accounts  for 
a  law  which  has  long  been  observed,  and 
which  has  lately  been  discussed  by  Alph. 
de  Candolle  in  regard  to  plants,  namely, 
that  the  lower  any  group  of  organisms 
stands,  the  more  widely  it  ranges. 

68 1.  The  relations    just    discussed, — 
namely,  lower  organisms  ranging  more 
widely  than  the  higher, — some  of  the  spe- 
cies of  widely  ranging  genera  themselves 
ranging  widely, — such  facts,  as    alpine, 
lacustrine,  and  marsh  productions  being 
generally  related  to  those  which  live  on 
the  surrounding  low  lands  and  dry  lands, 
— the  striking  relationship   between  the 
inhabitants  of  islands  and  those  of  the 
nearest  mainland — the  still  closer  rela- 
tionship of  the  distinct  inhabitants  of  the 
islands    in    the   same    archipelago — are 
inexplicable  on  the  ordinary  view  of  the 
independent  creation  of  each  species,  but 
are  explicable  if  we  admit  colonization 
from    the    nearest    or    readiest    source, 
together  with  the  subsequent  adaptation 
of  the  colonists  to  their  new  homes. 

Summary    of    the    last    and  preset 
Chapters. 

682.  In  these  chapters  I  have  endeav- 
ored to    show,   that    if    we    make  due 
allowance  for  our  ignorance  of  the  full 
effects  of  changes  of  climate  and  of  the 
level  of  the   land,  which  have  certainly 
occurred  within  the  recent  period,  and  of 
other   changes    which    have     probably 
occurred, — if  we  remember  how  ignorant 
we  are  with  respect  to  the  many  curious 
means  of  occasional  transport, — if    we 
bear  in  mind,  and  this  is  a  very  impor- 
tant consideration,  how  often  a  species 
may  have  ranged  continuously  over    a 
wide  area,  and  then  have  become  extinct 
in  the  intermediate  tracts, — the  difficulty 
is  not  insuperable  in  believing  that  all  the 
individuals  of  the  same  species,  wherever 
found,  are  descended  from  common  par- 
ents.   And  we  are  led  to  this  conclusion, 
which  has  been  arrived  at  by  many  nat- 
uralists under  the  designation  of  single 
centers  of  creation,   by  various  general 
considerations,  more  especially  from  the 
importance  of  barriers  of  all  kinds,  and 
from  the  analogical  distribution  of  sub- 
genera,  genera,  and  families. 

683.  With  respect  to  distinct  species 
belonging  to  the  same  genus,  which  on 
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our  theory  have  spread  from  one  parent- 
source  ;  if  we  make  the  same  allowances 
as  before  for  our  ignorance,  and  remem- 
ber that  some  forms  of  life  have  changed 
very  slowly,  enormous  periods  of  time 
having  been  thus  granted  for  their  migra- 
tion, the  difficulties  are  far  from  insuper- 
able ;  though  in  this  case,  as  in  that  of  the 
individuals  of  the  same  species,  they  are 
often  great. 

684.  As    exemplifying    the    effects  of 
climatal  changes  on  distribution,  I  have 
attempted  to  show  how  important  a  part 
the  last  Glacial  period  has  played,  which 
affected  even  the  equatorial  regions,  and 
which,  during  the  alternations  of  the  cold 
in  the  north  and  south,  allowed  the  pro- 
ductions of  opposite  hemispheres  to  min- 
gle, and  left  some  of  them   stranded  on 
the  mountain-summits  in  all  parts  of  the 
world.     As  showing  how  diversified  are 
the  means  of  occasional  transport,  I  have 
discussed  at  some  little  length  the  means 
of  dispersal  of  fresh-water  productions. 

685.  If  the  difficulties  be  not  insupera- 
ble in  admitting  that  in  the  long  course 
of  time  all  the  individuals  of  the  same 
species,  and  likewise  of  the  several  spe- 
cies belonging  to  the  same  genus,  have 
proceeded  from  some  one  source ;  then 
all  the  grand  leading  facts  of  geographi- 
cal   distribution   are  explicable    on    the 
theory  of  migration,  together  with  subse- 
quent modification  and  the  multiplication 
of  new  forms.    We  can  thus  understand 
the  high  importance  of  barriers,  whether 
of  land  or  water,  in  not  only  separating, 
but  in  apparently  forming  the    several 
zoological  and  botanical  provinces.    We 
can  thus  understand  the  concentration  of 
related  species  within  the  same  areas ; 
and  how  it  is  that  under  different  lati- 
tudes, for  instance  in  South  America,  the 
inhabitants  of  the  plains  and  mountains, 
of  the  forests,  marshes,  and  deserts,  are 
linked  together  in  so  mysterious  a  man- 
ner, and  are  likewise  linked  to  the  extinct 
beings  which  formerly  inhabited  the  same 
continent.     Bearing  in  mind  that  the  mut- 
ual   relation  of   organism    to    organism 
is  of  the   highest    importance,    we  can 
see    why    two  areas  having   nearly  the 
same  physical   conditions    should    often 
be  inhabited  by  very  different  forms  of 
life ;  for  according  to  the  length  of  time 
which  has  elapsed  since  the  colonists  en- 
tered one  of  the  regions,  or  both  ;  accord- 
ing to  the  nature  of  the  communication 
which  allowed  certain  forms    and    not 
others  to  enter,  either  in  greater  or  lesser 
numbers ;  .according  or    not,  as   those 


which  entered  happened  to  come  into 


more  or  less  direct  competition  with  each 
other  and  with  the  aborigines ;  and  ac- 
cording as  the  immigrants  were  capable 
of  varying  more  or  less  rapidly,  there 
would  ensue  in  the  two  or  more  regions, 
independently  of  their  physical  condi- 
tions, infinitely  diversified  conditions  of 
life, — there  would  be  an  almost  endless 
amount  of  organic  action  and  reaction, — 
and  we  should  find  some  groups  of  beings 
greatly,  and  some  only  slightly  modified, 
— some  developed  in  great  force,  some 
existing  in  scanty  numbers — and  this  we 
do  find  in  the  several  great  geographical 
provinces  of  the  world. 

686.  On  these  same  principles  we  can 
understand,  as   I    have    endeavored    to 
show,  why  oceanic  islands  should  have 
few  inhabitants,  but  that  of  these  a  large 
proportion  should  be  endemic  or  peculiar ; 
and  why,  in  relation  to  the  means  of  mi- 
grationy  one  group  of  beings  should  have 
all  its  species  peculiar,  and  another  group, 
even  within  the  same  class,  should  have 
all  its  species  the  same  with  those  in  an 
adjoining  quarter  of  the  world.    We  can 
see  why  whole  groups  of  organisms,  as 
batrachians    and    terrestrial    mammals, 
should  be  absent  from  oceanic  islands, 
while  the   most  isolated  islands  should 
possess  their  own    peculiar    species    of 
aerial  mammals  or  bats.    We  can  see 
why,  in  islands,  there  should  be  some  re- 
lation between  the  presence  of  mammals 
in  a  more  or  less  modified  condition,  and 
the  depth  of  the  sea  between  such  islands 
and  the  mainland.     We  can  clearly  see 
why  all  the  inhabitants  of  an  archipelago, 
though  specifically  distinct  on  the  several 
islets,  should  be  closely  related  to  each 
other ;    and  should  likewise  be  related, 
but  less  closely,  to  those  of  the  nearest 
continent,  or  other  source  whence  immi- 
grants might  have  been  derived.     We  can 
see  why,  if  there  exists  very  closely  allied 
or  representative  species  in  two  areas, 
however  distant  from  each  other,  some 
identical  species  will  almost  always  there 
be  found. 

687.  As  the  late  Edward  Forbes  often 
insisted,  there  is  a  striking  parallelism  in 
the    laws  of  life  throughout  time    and 
space  ;  the  laws  governing  the  succession 
of  forms  in  past  times  being  nearly  the 
same  with  those  governing  at  the  present 
time  the  differences  in  different  areas. 
We  see  this  in  many  facts.     The  endur- 
ance of  each  species  and  group  of  species 


is  continuous  in  time ;   for  the 
exceptions  to  the  rule  are  so 


apparent 
few,  that 
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they  may  fairly  be  attributed  to  our  not 
having  as  yet  discovered  in  an  intermedi- 
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ate  deposit  certain  forms  which  are  ab- 
sent in  it,  but  which  occur  both  above 
and  below  :  so  in  space,  it  certainly  is  the 
general  rule  that  the  area  inhabited  by  a 
single  species,  or  by  a  group  of  species, 
is  continuous,  and  the  exceptions,  which 
are  not  rare,  may,  as  I  have  attempted  to 
show,  be  accounted  for  by  former  migra- 
tions under  different  circumstances,  or 
through  occasional  means  of  transport, 
or  by  the  species  having  become  extinct 
in  the  intermediate  tracts.  Both  in  time 
and  space,  species  and  groups  of  species, 
have  their  points  of  maximum  develop- 
ment. Groups  of  species,  living  during 
the  same  period  of  time,  or  living  within 
the  same  area,  are  often  characterized  by 
trifling  features  in  common,  as  of  sculpt- 
ure or  color.  In  looking  to  the  long 
succession  of  past  ages,  as  in  looking  to 
distant  provinces  throughout  the  world, 
we  find  that  species  in  certain  classes  dif- 
fer little  from  each  other,  while  those  in 
another  class,  or  only  in  a  different  section 
of  the  same  order,  differ  greatly  from  each 
other.  In  both  time  and  space  the  lowly 
organized  members  of  each  class  gener- 
ally change  less  than  the  highly  organized  ; 
but  there  are  in  both  cases  marked  excep- 
tions to  the  rule.  According  to  our  theory, 
these  several  relations  throughout  time 
and  space  are  intelligible ;  for  whether  we 
look  to  the  allied  forms  of  life  which  have 
changed  during  successive  ages,  or  to 
those  which  have  changed  after  having 
migrated  into  distant  quarters,  in  both 
cases  they  are  connected  by  the  same 
bond  of  ordinary  generation ;  in  both 
cases  the  laws  of  variation  have  been  the 
same,  and  modifications  have  been  ac- 
cumulated by  the  same  means  of  natural 
selection. 


CHAPTER   XIV. 

MUTUAL   AFFINITIES  OF  ORGANIC    BE- 

INGS: MORPHOLOGY:  EMBRYOLOGY: 

RUDIMENTARY    ORGANS. 

CLASSIFICATION,  groups  subordinate  to  group: 
Natural  system  —  Rules  and  difficulties  in  clas- 
sification, explained  on  the  theory  of  descent 
with  modification  —  Classification  of  varieties 


ical  or  adaptive  characters—  Affinities,  gen 
complex,  and  radiating  —  Extinction  separates 


members  of  the  same  class,  between  parts  ol 
the  same  individual  —  EMBRYOLOGY,  laws  of,  ex- 
plained by  variations  not  supervening  at  an. 
early  age,  and  being  inherited  at  a  correspond- 
ing age  —  RUDIMENTARY  ORGANS  ;  their  origin 
explained  —  Summary. 

Classification, 

688.  FROM  the  most  remote  period  in 

the  history  of  the  world  organic  beings 


Descent  always  used  in  classification  —  Analog- 

eneral 

ting  —  Extincti 
and    defines    groups—  -MORPHOLOGY,    betweer 


lave  been  found  to  resemble  each  othei 
n  descending  degrees,  so  that  they  can 

classed  in  groups  under  groups.     This 
classification   is   not    arbitrary   like    the 
jouping  of  the  stars  in   constellations. 
The  existence  of  groups  would  have  been 
of  simple  significance,  if  one  group  had 
)een  exclusively  fitted  to  inhabit  the  land, 
and  another  the  water;  one  to  feed  on 
lesh,  another  on  vegetable  mattsr,  and 
so  on ;  but  the  case  is  widely  different, 
or  it  is  notorious  how  commonly  mem- 
jers  of  even  the  same  sub-group  have 
different    habits.      In    the    second    and 
rourth    chapters,   on   Variation    and    on 
Natural  Selection,  I  have  attempted  to 
show  that  within  each  country  it  is  the 
widely  ranging,  the  much  diffused  and 
common,  that  is  the  dominant   species, 
aelonging  to  the  larger  genera  in  each 
class,  which  vary  most.     The  varieties, 
or  incipient  species,  thus  produced,  ulti- 
mately become  converted  into  new  and 
distinct  species ;  and  these,  on  the  prin- 
ciple   of    inheritance,    tend    to   produce 
other  new  and  dominant  species.     Con- 
sequently the    groups  which    are    now 
large,  and  which  generally  include  many 
dominant  species,  tend  to  go  on  increas- 
ing in  size.     I  further  attempted  to  show 
that   from    the   varying   descendants   of 
each  species  trying  to  occupy  as  many 
and  as  different  places  as  possible  in  the 
economy  of  nature,  they  constantly  tend 
to  diverge  in  character.     This  latter  con- 
clusion  is   supported   by   observing    the 
great  diversity  of  forms  which,  in  any 
small  area,  come  into  the  closest  compe- 
tition, and  by  certain  facts  in  naturaliza- 
tion. 

689.  I  attempted  also  to  show  that 
there  is  a  steady  tendency  in  the  forms 
which  are  increasing  in  number  and  di- 
verging in  character,  to  supplant  and  ex- 
terminate the  preceding,  less  divergent 
and  less  improved  forms.  I  request  the 
reader  to  turn  to  the  diagram  illustrating 
the  action,  as  formerly  explained,  of  these 
several  principles ;  and  he  will  see  that 
the  inevitable  result  is,  that  the  modified 
descendants  proceeding  from  one  progeni- 
tor become  broken  up  into  groups  subor- 
dinate to  groups.  In  the  diagram  each 
letter  on  the  uppermost  line  may  repre- 
sent a  genus  including  several  species : 
and  the  whole  of  the  genera  along  this 
upper  line  form  together  one  class,  for 
all  are  descended  from  one  ancient  par- 
ent and,  consequently,  have  inherited 
something  in  common.  But  the  three 
genera  on  the  left  hand  have,  on  this 
same  principle,  much  in  common,  and 
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form  a  sub-family,  distinct  from  that  con- 
taining the  next  two  genera  on  the  right 
hand,  which  diverged  from  a  common 
parent  at  the  fifth  stage  of  descent. 
These  five  genera  have  also  much  in 
common,  though  less  than  when  grouped 
in  sub-families ;  and  they  form  a  family 
distinct  from  that  containing  the  three 
genera  still  farther  to  the  right  hand, 
which  diverged  at  an  earlier  period.  And 
all  these  genera,  descended  from  (A), 
form  and  order  distinct  from  the  genera 


descended  from   (I), 
have    many  species 


So  that   we  here 
descended   from  a 


single  progenitor  grouped  into  genera ; 
and  the  genera  into  sub-families,  families, 
and  orders,  all  under  one  great  class. 
The  grand  fact  of  the  natural  subordina- 
tion of  organic  beings  in  groups  under 
groups,  which,  from  its  familiarity,  does 
not  always  sufficiently  strike  us,  is  in  my 
judgment  thus  explained.  No  doubt  or- 
ganic beings,  like  all  other  objects,  can 
be  classed  in  many  ways,  either  artificially 
by  single  characters  or  more  naturally  by 
a  number  of  characters.  We  know,  for 
instance,  that  minerals  and  the  elemental 
substances  can  be  thus  arranged.  In 
this  case  there  is  of  course  no  relation  to 
genealogical  succession,  and  no  cause 
can  at  present  be  assigned  for  their  fall- 
ing into  groups.  But  with  organic  be- 
ings the  case  is  different,  and  the  view 
above  given  accords  with  their  natural 
arrangement  in  group  under  group ;  and 
no  other  explanation  has  ever  been  at- 
tempted. 

690.  Naturalists,  as  we  have  seen,  try 
to  arrange  the  species,  genera,  and  fami- 
lies in  each  class,  on  what  is  called  the 
Natural  System.  But  what  is  meant  by 
this  system  ?  Some  authors  look  at  it 
merely  as  a  scheme  for  arranging  to- 
gether those  living  objects  which  are 
most  alike,  and  for  separating  those 
which  are  most  unlike ;  or  as  an  artificial 
method  of  enunciating,  as  briefly  as  pos- 
sible, general  propositions, — that  is,  by 
one  sentence  to  give  the  characters  com- 
mon, for  instance,  to  all  mammals,  by 
another  those  common  to  all  carnivora, 
by  another  those  common  to  the  dog- 
genus,  and  then  by  adding  a  single  sen- 
tence, a  full  description  is  given  of  each 
kind  of  dog.  The  ingenuity  and  utility 
of  this  system  are  indisputable.  But 
many  naturalists  think  that  something 
more  is  meant  by  the  Natural  System; 
they  believe  that  it  reveals  the  plan  of 
the  Creator;  but  unless  it  be  specified 
whether  order  in  time  or  space,  or  both, 
or  what  else  is  meant  by  the  plan  of  the 


Creator,  it  seems  to  me  that  nothing  is 
thus  added  to  our  knowledge.  Expres- 
sions such  as  that  famous  one  by  Lin- 
naeus, which  we  often  meet  with  in  a 
more  or  less  concealed  form,  namely, 
that  the  characters  do  not  make  the  ge- 
nus, but  that  the  genus  gives  the  charac- 
ters, seem  to  imply  that  some  deeper 
bond  is  included  in  our  classifications 
than  mere  resemblance.  I  believe  that 
this  is  the  case,  and  that  community  of 
descent — the  one  known  cause  of  close 
similarity  in  organic  beings — is  the  bond, 
which  though  observed  by  various  de- 
grees of  modification,  is  partially  re- 
vealed to  us  by  our  classifications. 

691.  Let  us  now  consider  the  rules  fol- 
lowed in  classification,  and  the  difficulties 
which  are  encountered  on  the  view  that 
classification  either  gives  some  unknown 
plan  of  creation,  or  is  simply  a  scheme 
for  enunciating  general  propositions  and 
of  placing  together  the  forms  most  like 
each  other.  It  might  have  been  thought 
(and  was  in  ancient  times  thought)  that 
those  parts  of  the  structure  which  deter- 
mined the  habits  of  life,  and  the  general 
place  of  each  being  in  the  economy  of 
nature,  would  be  of  very  high  importance 
in  classification.  Nothing  can  be  more 
false.  No  one  regards  the  external  simi- 
larity of  a  mouse  to  a  shrew,  of  a  dugong 
to  a  whale,  of  a  whale  to  a  fish,  as  of  any 
importance.  These  resemblances,  though 
so  intimately  connected  with  the  whole 
life  of  the  being,  are  ranked  as  merely 
"  adaptive  or  analogical  characters ;  "  but 
to  the  consideration  of  these  resemblan- 
ces we  shall  recur.  It  may  even  be  given 
as  a  general  rule,  that  the  less  any  part 
of  the  organization  is  concerned  with 
special  habits,  the  more  important  it  be- 
comes for  classification.  As  an  instance : 
Owen,  in  speaking  of  the  dugong,  says, 
"The  generative  organs,  being  those 
which  are  most  remotely  related  to  the 
habits  and  food  of  an  animal,  I  have  al- 
ways regarded  as  affording  very  clear  in- 
dications of  its  true  affinities.  We  are 
least  likely  in  the  modifications  of  these 
organs  to  mistake  a  merely  adaptive  for 
an  essential  character."  With  plants 
how  remarkable  it  is  that  the  organs  of 
vegetation,  on  which  their  nutrition  and 
life  depend,  are  of  little  signification: 
whereas  the  organs  of  reproduction,  with 
their  product  the  seed  and  embryo,  are 
of  paramount  importance !  So  again  in 
formerly  discussing  certain  morphologic- 
al characters  which  are  not  functionally 


important,  we  have  seen  that  they  are 
often  of  the  highest  service  in  classifica- 
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tion.  This  depends  on  their  constancy 
throughout  many  allied  groups;  and 
their  constancy  chiefly  depends  on  any 
slight  deviations  not  having  been  pre- 
served and  accumulated  by  natural  selec- 
tion, which  acts  only  on  serviceable  char- 
acters. 

692.  That  the  mere  physiological  im- 
portance of  an  organ  does  not  determine 
its  classificatory  value,  is  almost  proved 
by  the  fact,  that  in  allied  groups,  in  which 
the  same  organ,  as  we  have  every  reason 
to  suppose,  has  nearly  the  same  physio- 
logical value,  its   classificatory  value   is 
widely  different.     No  naturalist  can  have 
worked  long  at  any  group  without  being 
struck  with  this  fact;  and  it  has  been 
fully  acknowledged  in  the  writings  of  al- 
most   every  author.     It  will  suffice    to 
quote    the    highest    authority,    Robert 
Brown,  who,  in  speaking  of  certain  or- 
gans in  the  Proteacae,  says  that  generic 
importance,  "  like  that  of  all  their  parts, 
not  only  in  this,  but,  as  I  apprehend,  in 
every  natural  family,  is  very  unequal,  and 
in  some  cases  seems  to  be  entirely  lost." 
Again,  in  another  work  he  says,  the  gen- 
era of  the  Connaraceae  "  differ  in  having 
one  or  more  ovaria,  in  the  existence  or 
absence  of  albumen,  in  the  imbricate  or 
valvular  aestivation.     Any  one  of  these 
characters  singly  is  frequently  of  more 
than    generic    importance,   though   here 
even  when  all  taken  together  they  appear 
insufficient  to  separate  Cnestis  from  Con- 
narus."    To   give    an    example    among 
insects ;  in  one  great  division  of  the  Hy- 
menoptera,  the  antennae,  as  Westwood 
has    remarked,    are    most    constant    in 
structure ;  in  another  division  they  differ 
much,  and  the  differences  are  of  quite 
subordinate  value  in    classification ;  yet 
no  one  will  say  that  the  antennas  in  these 
two  divisions  of  the  same  order  are  of 
unequal  physiological  importance.     Any 
number  of  instances  could  be  given  of 
the  varying  importance  for  classification 
of  the  same  important  organ  within  the 
same  group  of  beings. 

693.  Again,  no  one  will  say  that  rudi- 
mentary or  atrophied  organs  are  of  high 
physiological   or  vital   importance ;    yet, 
undoubtedly,  organs  in  this  condition  are 
often  of  much  value    in    classification. 
No  one  will  dispute  that  the  rudimentary 
teeth  in  the  upper  jaws  of  young  rumi- 
nants, and  certain  rudimentary  bones  of 
the  leg,  are  highly  serviceable  in  exhibit- 
ing the  close  affinity  between  ruminants 
and  pachyderms.      Robert    Brown   has 
strongly  insisted  on  the  fact  that  the  po- 
sition of  the  rudimentary  florets  is  of  the 
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highest  importance  in  the  classification  of 
the  grasses. 

694.  Numerous  instances  could  be 
given  of  characters  derived  from  parts 
which  must  be  considered  of  very  trifling 
physiological  importance,  but  which  are 
universally  admitted  as  highly  serviceable 
in  the  definition  of  whole  groups.  For 
instance,  whether  or  not  there  is  an  open 
passage  from  the  nostrils  to  the  mouth, 
the  only  character,  according  to  Owen, 
which  absolutely  distinguishes  fishes  and 
reptiles — the  inflection  of  the  angle  of  the 
lower  jaw  in  Marsupials — the  manner  in 
which  the  wings  of  insects  are  folded — 
mere  color  in  certain  Algae — mere  pubes- 
cence on  parts  of  the  flower  in  grasses — 
the  nature  of  the  dermal  covering,  as  hair 
or  feathers,  in  the  Vertebrata.  If  the 
Ornithorhynchus  had  been  covered  with 
feathers  instead  of  hair,  this  external  and 
trifling  character  would  have  been  con- 
sidered by  naturalists  as  an  important 
aid  in  determining  the  degree  of  affinity 
of  this  strange  creature  to  birds.  The 
importance,  for  classification,  of  trifling 
characters,  mainly  depends  on  their  being 
correlated  with  many  other  characters  of 
more  or  less  importance.  The  value  in- 
deed of  an  aggregate  of  characters  is 
very  evident  in  natural  history.  Hence, 
as  has  often  been  remarked,  a  species 
may  depart  from  its  allies  in  several  char- 
acters, both  of  high  physiological  impor- 
tance, and  of  almost  universal  prevalence, 
and  yet  leave  us  in  no  doubt  where  it 
should  be  ranked.  Hence,  also,  it  has 
been  found  that  a  classification  founded 
on  any  single  character,  however  impor- 
tant that  may  be,  has  always  failed  ;  for 
no  part  of  the  organization  is  invariably 
constant.  The  importance  of  an  aggre- 
gate of  characters,  even  when  none  are 
important,  alone  explains  the  aphorism 
enunciated  by  Linnaeus,  namely,  that  the 
characters  do  not  give  the  genus,  but  the 
genus  gives  the  characters  ;  for  this  seems 
founded  on  the  appreciation  of  many  tri- 
fling points  of  resemblance,  too  slight  to 
be  defined.  Certain  plants,  belonging  to 
the  Malpighiaceae,  bear  perfect  and  de- 
graded flowers ;  in  the  latter,  as  A.  de 
Jussieu  has  remarked,  "  the  greater  num- 
ber of  the  characters  proper  to  the  spe- 
cies, to  the  genus,  to  the  family,  to  the 
class,  disappear,  and  thus  laugh  at  our 
classification."  When  Aspicarpa  pro- 
duced in  France,  during  'several  years, 
only  these  degraded  flowers,  departing  so 
wonderfully  in  a  number  of  the  most  im- 
portant points  of  structure  from  the  prop- 
er type  of  the  order,  yet  M.  Richard  sa- 
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gaciously  saw,  as  Jussieu  observes,  that 
this  genus  should  still  be  retained  among 
the  Malpighiaceas.  This  case  well  illus- 
trates the  spirit  of  our  classifications. 

695.  Practically,  when   naturalists   are 
at  work,  they  do  not  trouble  themselves 
about  the  physiological  value  of  the  char- 
acters which  they  use  in  defining  a  group 
or  in  allocating  any  particular  species.     If 
they  find  a  character  nearly  uniform,  and 
common  to  a  great  number  of  forms,  and 
not  common  to  others,  they  use  it  as  one 
of  high  value ;  if  common  to  some  lesser 
number,   they  use   it  as  of  subordinate 
value.     This  principle  has  been  broadly 
confessed  by  some  naturalists  to  be  the 
true  one  ;  and  by  none  more  clearly  than 
by  that  excellent  botanist,  Aug.  St.  Hi- 
laire.     If  several  trifling  characters  are 
always  found  in  combination,  though  no 
apparent  bond  of  connection  can  be  dis- 
covered between  them,  especial  value  is 
set  on  them.     As  in  most  groups  of  ani- 
mals, important  organs,  such  as  those  for 
propelling  the   blood,  or  for  aerating  it, 
or  those   for  propagating  the   race,  are 
found  nearly  uniform,  they  are  considered 
as  highly  serviceable  in  classification ;  but 
in  some  groups  all  these,  the  most  impor- 
tant vital  organs,  are  found  to  offer  char- 
acters of  quite  subordinate  value.     Thus, 
as  Fritz  Miiller  has  lately  remarked,  in 
the  same  group  of  crustaceans,  Cypridina 
is  furnished  with  a  heart,  while  in  two 
closely  allied  genera,  namely  Cypris  and 
Cytherea,   there   is  no  such  organ ;  one 
species  of  Cypridina  has  well-developed 
branchiae,  while  another  species  is  desti- 
tute of  them. 

696.  We  can  see  why  characters  de- 
rived from  the  embryo  should  be  of  equal 
importance  with  those  derived  from  the 
adult,  for  a  natural  classification  of  course 
includes  all  ages.     But  it  is  by  no  means 
obvious,  on  the  ordinary  view,  why  the 
structure  of  the  embryo  should  be  more 
important  for  this  purpose  than  that  of 
the  adult,  which  alone  plays  its  full  part 
in  the   economy  of   nature.     Yet   it  has 
been  strongly  urged  by  those  great  natu- 
ralists, Milne  Edwards  and  Agassiz,  that 
embryological    characters  are  the  most 
important  of  all ;  and  this  doctrine  has 
very  generally  been    admitted  as  true. 
Nevertheless,  their  importance  has  some- 
times  been   exaggerated,   owing  to   the 
adaptive  characters  of  larvae  not  having 
been  excluded ;  in   order   to   show  this, 
Fritz  Miiller  arranged  by  the  aid  of  such 
characters  alone  the  great  class  of  crusta- 
ceans, and  the  arrangement  did  not  prove 
a  natural  one.     But  there  can  be  no  doubt 


that  embryonic,  excluding  larval  charac- 
ters, are  of  the  highest  value  for  classifi- 
cation, not  only  with  animals  but  with 
plants.  Thus  the  main  divisions  of  flow- 
ering plants  are  founded  on  differences 
in  the  embryo, — on  the  number  and  posi- 
tion of  the.  cotyledons,  and  on  the  mode 
of  development  of  the  plumule  and  radi- 
cle. We  shall  immediately  see  why  these 
characters  possess  so  high  a  value  in  class- 
ification, namely,  from  the  natural  system 
being  genealogical  in  its  arrangement. 

697.  Our  classifications  are  often  plain- 
ly   influenced    by    chains     of    affinities. 
Nothing  can  be  easier  than  to  define  a 
number    of    characters    common    to  all 
birds ;   but  with   crustaceans,   any  such 
definition  has  hitherto  been  found  impos- 
sible.    There  are  crustaceans  at  the  op- 
posite ends  of  the  series,  which    have 
hardly  a  character  in  common ;  yet  the 
species  at  both  ends,  from  being  plainly 
allied  to  others,  and  these  to  others,  and 
so  onward,  can  be   recognized  as  une- 
quivocally belonging  to  this,  and   to  no 
other  class  of  the  Articulata. 

698.  Geographical     distribution     has 
often  been    used,   though    perhaps    not 
quite  logically,  in  classification,  more  es- 
pecially in  very  large  groups   of  closely 
allied   forms.     Temminck  insists  on  the 
utility  or  even  necessity  of  this  practice 
in  certain  groups   of  birds;  and  it  has 
been   followed   by  several  entomologists 
and  botanists.     Finally,  with   respect  to 
the   comparative  value    of    the    various 
groups  of  species,  such  as  orders,   sub- 
orders, families,  sub-families,  and  genera, 
they  seem  to  be,  at  least  at  present,  almost 
arbitrary.     Several  of  the  best  botanists, 
such  as  Mr.  Bentham   and  others,  have 
strongly  insisted  on  their  arbitrary  value. 
Instances  could  be  given  among  plants 
and  insects,  of  a  group  first  ranked  by 
practiced  naturalists  as  only  a  genus,  and 
then  raised  to  the  rank  of  a  sub-family 
or  family;  and  this  has  been   done,  not 
because  further  research  has  detected  im- 
portant   structural    differences,    at    first 
overlooked,  but  because  numerous  allied 
species  with  slightly  different  grades  of 
difference,  have   been   subsequently  dis- 
covered. 

699.  All  the  foregoing  rules  and  aids 
and   difficulties  in  classification   may  be 
explained,  if  I  do  not  greaily  deceive  my- 
self, on  the  view  that  the  Natural  System 
is  founded  on  descent  with  modification ; 
— that  the   characters  which   naturalists 
consider  as  showing  true  affinity  between 
any  two  or  more  species,  are  those  which 
have  been  inherited  from  a  common  par- 
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ent,  afl  true  classification  being  genealog- 
ical ; — that  community  of  descent  is  the 
hidden  bond  which  naturalists  have  been 
unconsciously  seeking,  and  not  some  un- 
known plan  of  creation,  or  the  enuncia- 
tion of  general  propositions,  and  the 
mere  putting  together  and  separating  ob- 
jects more  or  less  alike. 

700.  But  I  must  explain  my  meaning 
more  fully.  I  believe  that  the  arrange- 
ment of  the  groups  within  each  class,  in 
due  subordination  and  relation  to  each 
other,  must  be  strictly  genealogical  in 
order  to  be  natural ;  but  that  the  amount 
of  difference  in  the  several  branches  or 
groups,  though  allied  in  the  same  degree 
in  blood  to  their  common  progenitor,  may 
differ  greatly,  being  due  to  the  different 
degrees  of  modification  which  they  have 
undergone ;  and  this  is  expressed  by  the 
forms  being  ranked  under  different  gen- 
era, families,  sections,  or  orders.  The 
reader  will  best  understand  what  is 
meant,  if  he  will  take  the  trouble  to  refer 
to  the  diagram  in  the  fourth  chapter. 
We  will  suppose  the  letters  A  to  L  to 
represent  allied  genera  existing  during 
the  Silurian  epoch,  and  descended  from 
some  still  earlier  form.  In  three  of  these 
genera  (A,  F,  and  I),  a  species  has  trans- 
mitted modified  descendants  to  the  pres- 
ent day,  represented  by  the  fifteen  genera 
(a  u  to  z M)  on  the  uppermost  horizontal 
line.  Now  all  these  modified  descendants 
from  a  single  species,  are  related  in  blood 
or  descent  in  the  same  degree ;  they 
may  metaphorically  be  called  cousins  to 
the  same  millionth  degree ;  yet  they  differ 
widely  and  in  different  degrees  from  each 
other.  The  forms  descended  from  A, 
now  broken  up  into  two  or  three  families, 
constitute  a  distinct  order  from  those  de- 
scended from  I,  also  broken  up  into  two 
families.  Nor  can  the  existing  species, 
descended  from  A,  be  ranked  in  the  same 
genus  with  the  parent  A  ;  or  those  from 
I,  with  the  parent  I.  But  the  existing 
genus  F  14  may  be  supposed  to  have  been 
but  slightly  modified;  and  it  will  then 
rank  with  the  parent-genus  F ;  just  as 
some  few  still  living  organisms  belong  to 
Silurian  genera.  So  that  the  comparative 
value  of  the  differences  between  these 
organic  beings,  which  are  all  related  to 
each  other  in  the  same  degree  in  blood, 
has  come  to  be  widely  different.  Never- 
theless their  genealogical  arrangement 
remains  strictly  true,  not  only  at  the  pres- 
ent time,  but  at  each  successive  period 
of  descent.  All  the  modified  descendants 
from  A  will  have  inherited  something  in 
common  from  their  common  parent,  as 


will  all  the  descendants  from  I ;  so  will 
t  be  with  each  subordinate  branch  of  de- 
scendants, at  each  successive  stage.  If, 
lowever,  we  suppose  any  descendant  of 
A,  or  of  I,  to  have  become  so  much  mod- 
fied  as  to  have  lost  all  traces  of  its  par- 
entage, in  this  case,  its  place  in  the  natu- 
ral system  will  be  lost,  as  seems  to  have 
occurred  with  some  few  existing  organ- 
sms.  All  the  descendants  of  the  genus 
F,  along  its  whole  line  of  descent,  are 
upposed  to  have  been  but  little  modified, 
and  they  form  a  single  genus.  But  this 
jenus,  though  much  isolated,  will  still 
accupy  its  proper  intermediate  position. 
The  representation  of  the  groups,  as  here 
given  in  the  diagram  on  a  flat  surface,  is 
much  too  simple.  The  branches  ought 
to  have  diverged  in  all  directions.  If  the 
namo  of  the  groups  had  been  simply 
written  down  in  a  linear  series,  the  repre- 
sentation would  have  been  still  less  natu- 
ral ;  and  it  is  notoriously  not  possible  to 
represent  in  a  series,  on  a  flat  surface, 
the  affinities  which  we  discover  in  nature 
among  the  beings  of  the  same  group. 
Thus,  the  natural  system  is  genealogical 
in  its  arrangement,  like  a  pedigree :  but 
the  amount  of  modification  which  the 
different  groups  have  undergone  has  to 
be  expressed  by  ranking  them  under  dif- 
ferent so-called  genera,  sub-families,  fam- 
ilies, sections,  orders,  and  classes. 

701.  It  may  be  worth  while  to  illustrate 
this  view  of  classification,  by  taking  the 
case  of  languages.  If  we  possessed  a 
perfect  pedigree  of  mankind,  a  genealog- 
ical arrangement  of  the  races  of  man 
would  afford  the  best  classification  of  the 
various  languages  now  spoken  through- 
out the  world ;  and  if  all  extinct  lan- 
guages, and  all  intermediate  and  slowly 
changing  dialects,  were  to  be  included, 
such  an  arrangement  would  be  the  only 
possible  one.  Yet  it  might  be  that  some 
ancient  languages  had  altered  very  little 
and  had  given  rise  to  few  new  lan- 
guages, while  others  had  altered  much 
owing  to  the  spreading,  isolation,  and 
state  of  civilization  of  the  several  co-de- 
scended races,  and  had  thus  given  rise  to 
many  new  dialects  and  languages.  The 
various  degrees  of  difference  between  the 
languages  of  the  same  stock,  would  have 
to  be  expressed  by  groups  subordinate  to 
groups ;  but  the  proper  or  even  the  only 
possible  arrangement  would  still  be  gene- 
alogical ;  and  this  would  be  strictly  natu- 
ral, as  it  would  connect  together  all  lan- 
guages, extinct  and  recent,  by  the  closest 
affinities,  and  would  give  the  filiation  and 
origin  of  each  tongue. 
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702.  In  confirmation  of  this  view,  let  us 
glance  at  the  classification  of  varieties, 
which  are  known  or  believed  to  be  de- 
scended from  a  single  species.  These 
are  grouped  under  the  species,  with  the 
sub-varieties  under  the  varieties  ;  and  in 
some  cases,  as  with  the  domestic  pigeon, 
with  several  other  grades  of  difference. 


produced  on  the  same  plant,  they  were 
immediately  considered  as  varieties ;  and 
now  I  have  been  able  to  show  that  they 
are  the  male,  female,  and  hermaphrodite 
forms  of  the  same  species.  The  natu- 
ralist includes  as  one  species  the  vari- 
ous larval  stages  of  the  same  individual, 
however  much  they  may  differ  from 


Nearly  the  same  rules  are  followed  as  in   each  other  and  from  the  adult,  as  well  as 


classifying  species.  Authors  have  in- 
sisted on  the  necessity  of  arranging  va- 
rieties on  a  natural  instead  of  an  artificial 
system ;  we  are  cautioned,  for  instance, 
not  to  class  two  varieties  of  the  pine-ap- 
ple together,  merely  because  their  fruit, 
though  the  most  important  part,  happens 
to  be  nearly  identical ;  no  one  puts  the 
Swedish  and  common  turnip  together, 
though  the  esculent  and  thickened  stems 
are  so  similar.  Whatever  part  is  found 
to  be  most  constant,  is  used  in  classing 
varieties:  thus  the  great  agriculturist  Mar- 
shall says  the  horns  are  very  useful  for  this 
purpose  with  cattle,  because  they  are  less 
variable  than  the  shape  or  color  of  the 
body,  etc.;  whereas  with  sheep  the  horns 
are  much  less  serviceable,  because  less 
constant.  In  classing  varieties,  I  appre- 
hend that  if  we  had  a  real  pedigree,  a 
genealogical  classification  would  be  uni- 
versally preferred ;  and  it  has  been  at- 
tempted in  some  cases.  For  we  might 
feel  sure,  whether  there  had  been  more  or 
Jess  modification,  that  the  principle  of  in- 
heritance would  keep  the  forms  together 
which  were  allied  in  the  greatest  number 
of  points.  In  tumbler  pigeons,  though 
some  of  the  sub-varieties  differ  in  the  im- 
portant character  of  the  length  of  the 
beak,  yet  all  are  kept  together  from  hav- 
ing the  common  habit  of  tumbling ;  but 
the  short-faced  breed  has  nearly  or  quite 
lost  this  habit :  nevertheless,  without  any 
thought  on  the  subject,  these  tumblers 
are  kept  in  the  same  group,  because  allied 
in  blood  and  alike  in  some  other  respects. 
703.  With  species  in  a  state  of  nature, 
every  naturalist  has  in  fact  brought 
descent  into  his  classification  ;  for  he  in- 
cludes in  his  lowest  grade,  that  of 
species,  the  two  sexes ;  and  how  enor- 
mously these  sometimes  differ  in  the 
most  important  characters,  is  known  to 
every  naturalist :  scarcely  a  single  fact 
can  be  predicated  in  common  of  the  adult 
males  and  hermaphrodites  of  certain 
cirripedes,  and  yet  no  one  dreams  of 
separating  them.  As  soon  as  the  three 
Orchidean  forms,  Monachanthus,  Myan- 
thus,  and  Catasetum,  which  had  pre- 
viously been  ranked  as  three  distinct 
genera,  were  known  to  be  sometimes 


the  so-called  alternate  generations  of 
Steenstrup,  which  can  only  in  a  technical 
sense  be  considered  as  the  same  individ- 
ual. He  includes  monsters  and  varieties, 
not  from  their  partial  resemblance  to  the 
parent-form,  but  because  they  are  de- 
scended from  it. 

704.  As  descent  has  universally  been 
used  in  classing  together  the  individ- 
uals of  the  same  species,  though  the 
males  and  females  and  larvae  are  some- 
times extremely  different ;  and  as  it  has 
been  used  in  classing  varieties  which 
have  undergone  a  certain,  and  sometimes 
a  considerable  amount  of  modification, 
may  not  this  same  element  of  descent 
have  been  unconsciously  used  in  group- 
ing species  under  genera,  and  genera 
under  higher  groups,  all  under  the  so- 
called  natural  system?  I  believe  it  has 
been  unconsciously  used ;  and  thus  only 
can  I  understand  the  several  rules  and 
guides  which  have  been  followed  by  our 
best  systematists.  As  we  have  no 
written  pedigrees,  we  are  forced  to  trace 
community  of  descent  by  resemblances 
of  any  kind.  Therefore  we  choose  those 
characters  which  are  the  least  likely  to 
have  been  modified,  in  relation  to  the 
conditions  of  life  to  which  each  species 
has  been  recently  exposed.  Rudi- 
mentary structures  on  this  view  are  as 
good  as,  or  even  sometimes  better  than, 
other  parts  of  the  organization.  We 
care  not  how  trifling  a  character  may  be 
— let  it  be  the  mere  inflection  of  the  angle 
of  the  jaw,  the  manner  in  which  an  in- 
sect's wing  is  folded,  whether  the  skin  be 
covered  by  hair  or  feathers — if  it  prevail 
throughout  many  and  different  species, 
especially  those  having  very  different 
habits  of  life,  it  assumes  high  value ;  for 
we  can  account  for  its  presence  in  so 
many  forms  with  such  different  habits, 
only  by  inheritance  from  a  common 
parent.  We  may  err  in  this  respect  in 
regard  to  single  points  of  structure,  but 


when 


several   characters, 
50    trifling,   concur 


let    them    be 
throughout 


large  group  of  beings  having  different 
habits,  we  may  feel  almost  sure,  on  the 
theory  of  descent,  that  these  characters 
have  been  inherited  from  a  common 
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ancestor ,  and  we  know  that  such  aggre- 
gated characters  have  especial  value  in 
classification. 

705.  We  can  understand  why  a  species 
or  a  group  of  species  may  depart  from 
its  allies,  in  several  of  its  most  important 
characteristics,  and  yet  be  safely  classed 
with  them.  This  may  be  safely  done, 
and  is  often  done,  as  long  as  a  sufficient 
number  of  characters,  let  them  be  ever 
so  unimportant,  betrays  the  hidden  bond 
of  community  of  descent.  Let  two  forms 
have  not  a  single  character  in  common, 
yet,  if  these  extreme  forms  are  connected 
together  by  a  chain  of  intermediate 
groups,  we  may  at  once  infer  their  com- 
munity of  descent,  and  we  put  them  all 
into  the  same  class.  As  we  find  organs 
of  high  physiological  importance — those 
which  serve  to  preserve  life  under  the 
most  diverse  conditions  of  existence — 
are  generally  the  most  constant, 


an  homopterous  insect  as  a  moth.  We 
see  something  of  the  same  kind  even 
1  with  our  domestic  varieties,  as  in  the 
strikingly  similar  shape  of  the  body  in 
the  improved  breeds  of  the  Chinese  and 
common  pig,  which  are  descended  from 
distinct  species ;  and  in  the  similarly 
thickened  stems  of  the  common  and 
specifically  distinct  Swedish  turnip.  The 
resemblance  between  the  greyhound  and 
the  racehorse  is  hardly  more  fanciful 
than  the  analogies  which  have  been 
drawn  by  some  authors  between  widely 
different  animals. 

707.  On  the  view  of  characters  being  of 
real  importance  for  classification,  only  in 
so  far  as  they  reveal  descent,  we  can 
clearly  understand  why  analogical  or 
adaptive  characters,  although  of  the  ut- 
most importance  to  the  welfare  of  the 
being,  are  almost  valueless  to  the  sys- 
tematist.  For  animals,  belonging  to  two 


attach  especial    value   to  them ;    but  if  \  most  distinct  lines  of  descent,  may  have 
these  same  organs,  in  another  group  or  i  become  adapted    to   similar  conditions, 


section  of  a  group,  are  found  to  differ 
much,  we  at  once  value  them  less  in  our 
classification.  We  shall  presently  see 
why  embryological  characters  are  of  such 
high  classificatory  importance.  Geo- 
graphical distribution  may  sometimes  be 
brought  usefully  into  play  in  classing 
large  genera,  because  all  the  species  of 
the  same  genus,  inhabiting  any  distinct 
and  isolated  region,  are  in  all  probability 
descended  from  the  same  parents. 

Analogical  Resemblances. 

706.  We  can  understand,  on  the  above 
views,  the  very  important  distinction 
between  real  affinities  and  analogical  or 
adaptive  resemblances.  Lamarck  first 
called  attention  to  this  subject,  and  he 
has  been  ably  followed  by  Macleay  and 
others.  The  resemblance  in  the  shape 
of  the  body  and  in  the  fin-like  anterior 
limbs  between  dugongs  and  whales,  and 
between  these  two  orders  of  mammals 
and  fishes,  are  analogical.  So  is  the 
resemblance  between  a  mouse  and  a 
shrew-mouse  (Sorex),  which  belong  to 
different  orders ;  and  the  still  closer 
resemblance,  insisted  on  by  Mr.  Mivart, 
between  the  mouse  and  a  small  mar- 
supial animal  (Antechinus)  of  Australia. 
These  latter  resemblances  may  be  ac- 
counted for,  as  it  seems  to  me,  by  adap- 
tation for  similarly  active  movements 
through  thickets  and  herbage,  togeth- 
er with  concealment  from  enemies. 
Among  insects  there  are  innumerable 
similar  instances ;  thus  Linnaeus,  misled 


k>y  external  appearances,  actually  classed 
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and  thus  have  assumed  a  close  external 
resemblance ;  but  such  resemblances  will 
not  reveal — will  rather  tend  to  conceal 
their  blood-relationship.  We  can  thus 
also  understand  the  apparent  paradox, 
that  the  very  same  characters  are  analog- 
ical when  one  group  'is  compared  with 
another,  but  give  true  affinities  when  the 
members  of  the  same  group  are  compar- 
ed together :  thus,  the  shape  of  the  body 
and  fin-like  limbs  are  only  analogical 
when  whales  are  compared  with  fishes, 
being  adaptations  in  both  classes  for 
swimming  through  the  water ;  but  be- 
tween the  several  members  of  the  whale 
family,  the  shape  of  the  body  and  the  fin- 
like  limbs  offer  characters  exhibiting  true 
affinity;  for  as  these  parts  are  so  nearly 
similar  throughout  the  whole  family,  we 
cannot  doubt  that  they  have  been  in- 
herited from  a  common  ancestor.  So  it 
is  with  fishes. 

708.  Numerous  cases  could  be  given  of 
striking  resemblances  in  quite  distinct 
beings  between  single  parts  or  organs, 
which  have  been  adapted  for  the  same 
functions.  A  good  instance  is  afforded 
by  the  close  resemblance  of  the  jaws  of 
the  dog  and  Tasmanian  wolf  or  Thylac- 
inus, — animals  which  are  widely  sun- 
dered in  the  natural  system.  But  this 
resemblance  is  confined  to  general  ap- 
pearance, as  in  the  prominence  of  the 
canines,  and  in  the  cutting  shape  of  the 
molar  teeth.  For  the  teeth  really  differ 
much  :  thus  the  dog  has  on  each  side  of 
the  upper  jaw  four  pre-molars  and  only 
two  molars ;  while  the  Thylacinus  has 
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three  pre-molars  and  four  molars.  The 
molars  also  differ  much  in  the  two  ani- 
mals in  relative  size  and  structure.  The 
adult  dentition  is  preceded  by  a  widely 
different  milk  dentition.  Any  one  may 
of  course  deny  that  the  teeth  in  either 
case  have  been  adapted  for  tearing  flesh, 
through  the  natural  selection  of  succes- 
sive variations  ;  but  if  this  be  admitted  in 
the  one  case,  it  is  unintelligible  to  me 
that  it  should  be  denied  in  the  other. 
I  am  glad  to  find  that  so  high  an 
authority  as  Professor  Flower  has  come 
to  this  same  conclusion. 

709.  The  extraordinary  cases  given  in  a 
former  chapter,  of  widely  different  fishes 
possessing    electric    organs, — of    widely 
different  insects  possessing  luminous  or- 
gans,— and   of    orchids    and    asclepiads 
having  pollen-masses  with   viscid  disks, 
come  under  this  same  head  of  analogical 
resemblances.     But  these  cases  are  so 
wonderful   that  they  were   introduced  as 
difficulties  or   objections  to   our  theory. 
In  all  such  cases  some  fundamental  dif- 
ference in  the  growth  or  development  of 
the  parts,  and  generally  in  their  matured 
structure,   can    be  detected.     The  end 
gained  is  the  same,  but  the  means,  though 
appearing   superficially  to   be  the   same, 
are  essentially   different.     The   principle 
formerly  alluded   to  under  the  term  of 
analogical   variation    has    probably    in 
these  cases  often  come  into  play  ;  that  is, 
the  members  of  the  same  class,  although 
only  distantly  allied,   have   inherited  so 
much  in  common  in  their  constitution, 
that  they  are  apt  co  vary  under  similar 
exciting  causes  in  a  similar  manner  ;  and 
this  would  obviously  aid  in  the  acquire- 
ment through  natural  selection  of  parts 
or  organs,  strikingly  like  each  other,  inde- 
pendently of  their  direct  inheritance  from 
a  common  progenitor. 

710.  As  species  belonging  to  distinct 
classes  have  often  been  adapted  by  suc- 
cessive slight  modifications  to  live  under 
nearly  similar  circumstances, — to  inhabit, 
for  instance,  the  three  elements  of  land, 
air,  and  water, — we  can  perhaps  under- 
stand  how  it  is  that  a  numerical  parallel- 
ism   has  sometimes  been  observed  be- 
tween the  sub-groups  of  distinct  classes. 
A  naturalist,  struck  with  a  parallelism  of 
this  nature,  by  arbitrarily  raising  or  sink- 
ing the  value  of   the  groups  in   several 
classes  (and  all  our  experience  shows  that 
their  valuation  is  as  yet  arbitrary),  could 
easily  extend  the  parallelism  over  a  wide 
range  ;   and  thus  the  septenary,  quinary, 


quaternary    and    ternary 
have  probably  arisen. 


classifications 


71 1.  There  is  another  and  curious  class  of 
cases  in  which  close  external  resemblance 
does  not  depend  on  adaptation  to  similar 
nabits  of  life,  but  has  been  gained  for  the 
sake  of  protection.  I  allude  to  the  won- 
derful manner  in  which  certain  butterflies 
mitate,  as  first  described  by  Mr.  Bates, 
other  and  quite  distinct  species.  This 
excellent  observer  has  shown  that  in  some 
districts  of  S.  America,  where,  for  in- 
tance,  an  Ithomia  abounds  in  gaudy 
iwarms,  another  butterfly,  namely,  a 
Leptalis,  is  often  found  mingled  in  the 
same  flock ;  and  the  latter  so  closely  re- 
sembles the  Ithomia  in  every  shade  and 
stripe  of  color  and  even  in  the  shape  of 
its  wings,  that  Mr.  Bates,  with  his  eyes 
harpened  by  collecting  during  eleven 
years,  was,  though  always  on  his  guard, 
continually  deceived.  When  the  mockers 
and  the  mocked  are  caught  and  compared 
they  are  found  to  be  very  different  in 
essential  structure,  and  to  belong  not 
only  to  distinct  genera,  but  often  to  dis- 
tinct families.  Had  this  mimicry  occurred 
in  only  one  or  two  instances,  it  might  have 
been  passed  over  as  a  strange  coincidence. 
But,  if  we  proceed  from  a  district  where 
one  Leptalis  imitates  an  Ithomia,  another 
mocking  and  mocked  species  belonging 
to  the  same  two  genera,  equally  close  in 
their  resemblance,  may  be  found.  Alto- 
gether no  less  than  ten  genera  are  enum- 
erated, which  include  species  that  imitate 
other  butterflies.  The  mockers  and 
mocked  always  inhabit  the  same  region ; 
we  never  find  an  imitator  living  remote 
from  the  form  which  it  imitates.  The 
mockers  are  almost  invariably  rare  insects; 
the  mocked  in  almost  every  case  abound 
in  swarms.  In  the  same  district  in  which 
a  species  of  Leptalis  closely  imitates  an 
Ithomia,  there  are  sometimes  other  Lepi- 
doptera  mimicking  the  same  Ithomia  :  so 
that  in  the  same  place,  species  of  three 
genera  of  butterflies  and  even  a  moth  are 
found  all  closely  resembling  a  butterfly 
belonging  to  a  fourth  genus.  It  deserves 
especial  notice  that  many  of  the  mimick- 
ing forms  of  the  Leptalis,  as  well  as  of 
the  mimicked  forms,  can  be  shown  by  a 
graduated  series  to  be  merely  varieties  of 
the  same  species ;  while  others  are  un- 
doubtedly distinct  species.  But  why,  it 
may  be  asked,  are  certain  forms  treated 
as  the  mimicked  and  others  as  the  mim- 
ickers  ?  Mr.  Bates  satisfactorily  answers 
this  question,  by  showing  that  the  form 
which  is  imitated  keeps  the  usual  dress 
of  the  group  to  which  it  belongs,  while  the 


counterfeiters  have  changed  their  dress 
and  do  not  resemble  their  nearest  allies. 
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712.  We  are  next  led  to  inquire  what 
reason  can  be  assigned  for  certain  butter- 
flies and  moths  so  often  assuming  the 
dress  of  another  and  quite  distinct  form  ; 
why,  to  the  perplexity  of  naturalists,  has 
nature  condescended  to  the  tricks  of  the 
stage  ?  Mr.  Bates  has,  no  doubt,  hit  on 
the  true  explanation.  The  mocked  forms 
which  always  abound  in  numbers,  must 
habitually  escape  destruction  to  a  large 
extent,  otherwise  they  could  not  exist  in 
such  swarms ;  and  a  large  amount  of  evi- 
dence has  now  been  collected,  showing 
that  they  are  distasteful  to  birds  and 
other  insect-devouring  animals.  The 
mocking  forms,  on  the  other  hand,  that 
inhabit  the  same  district,  are  compara- 
tively rare,  and  belong  to  rare  groups ; 
hence  they  must  suffer  habitually  from 
some  danger,  for  otherwise,  from  the 
number  of  eggs  laid  by  all  butterflies, 
they  would  in  three  or  four  generations 
swarm  over  the  whole  country.  Now  if 
a  member  of  one  of  these  persecuted  and 
rare  groups  were  to  assume  a  dress  so 
like  that  of  a  well-protected  species  that 
it  continually  deceived  the  practiced  eyes 
of  an  entomologist,  it  would  often  de- 
ceive predaceous  birds  and  insects,  and 
thus  often  escape  destruction.  Mr. 
Bates  may  almost  be  said  to  have  actually 
witnessed  the  process  by  which  the  mim- 
ickers  have  come  so  closely  to  resemble 
the  mimicked  ;  for  he  found  that  some  of 
the  forms  of  Leptalis  which  mimic  so 
many  other  butterflies,  varied  in  an  ex- 
treme degree.  In  one  district  several 
varieties  occurred,  and  of  these  one  alone 
resembled,  to  a  certain  extent,  the  com- 
mon Ithomia  of  the  same  district.  In 
another  district  there  were  two  or  three 
varieties,  one  of  which  was  much  com- 
moner than  the  others,  and  this  closely 
mocked  another  form  of  Ithomia.  From 
facts  of  this  nature,  Mr.  Bates  concludes 
that  the  Leptalis  first  varies  ;  and  when  a 
variety  happens  to  resemble  in  some  de- 
gree any  common  butterfly  inhabiting  the 
same  district,  this  variety,  from  its  resem- 
blance to  a  flourishing  and  little-persecut- 
ed kind,  has  a  better  chance  of  escaping 
destruction  from  predaceous  birds  and 
insects,  and  is  consequently  oftener  pre- 
served ; — "  the  less  perfect  degrees  of  re- 
semblance being  generation  after  genera 
tion  eliminated,  and  only  the  others  left 
to  propagate  their  kind."  So  that  here 
we  have  an  excellent  illustration  of  natu- 
ral selection. 

713.  Messrs.  Wallace  and  Trimen  have 
likewise  described  several  equally  striking 
cases  of  imitation  in  the  Lepicjoptera  o" 


he  Malay  Archipelago  and  Africa,  and 
with  some  other  insects.  Mr.  Wallace 
las  also  detected  one  such  case  with  birds, 
>ut  we  have  none  with  the  larger  quad- 
rupeds. The  much  greater  frequency  of 
mitation  with  insects  than  with  other  an- 
mals,  is  probably  the  consequence  of 
heir  small  size  ;  insects  cannot  defend 
hemselves,  excepting  indeed  the  kind" 
urnished  with  a  sting,  and  I  have  nevei 
icard  of  an  instance  of  such  kinds  mock 
ng  other  insects,  though  they  are  mocked 
nsects  cannot  easily  escape  by  flight  fron? 
:he  larger  animals  which  prey  on  them  : 
icnce  they  are  reduced,  like  most  weak 
reatures,  to  trickery  and  dissimulation. 

714.  It  should  be  observed  that  the 
>rocess  of  imitation  probably  never  com- 
nenced  between  forms  widely  dissimilai 
n  color.  But  starting  with  species  al- 
ready somewhat  like  each  other,  the  clos- 
est resemblance,  if  beneficial,  could 
readily  be  gained  by  the  above  means 
and  if  the  imitated  form  was  subsequently 
and  gradually  modified  through  any  agen- 
cy, the  imitating  form  would  be  led 
along  the  same  track,  and  thus  be  altered 
to  almost  any  extent,  so  that  it  might  ul- 
;imately  assume  an  appearance  or  color- 
ng  wholly  unlike  that  of  the  other  mem- 
oers  of  the  family  to  which  it  belonged. 
There  is,  however,  some  difficulty  on  this 
bead,  for  it  is  necessary  to  suppose  in 
some  cases  that  ancient  members  belong- 
ing to  several  distinct  groups,  before  they 
had  diverged  to  their  present  extent,  ac- 
cidentally resembled  a  member  of  another 
and  protected  group  in  a  sufficient  de- 
gree to  afford  some  slight  protection ; 
this  having  given  the  basis  for  the  sub- 
sequent acquisition  of  the  most  perfect 
resemblance. 

On  the  Nature  of  the  Affinities  connect- 
ing Organic  Beings. 

715.  As  the  modified  descendants  of 
dominant  species,  belonging  to  the  larger 
genera,  tend  to  inherit  the  advantages 
which  made  the  groups  to  which  they  be- 
long large  and  their  parents  dominant, 
they  are  almost  sure  to  spread  widely, 
and  to  seize  on  more  and  more  places  in 
the  economy  of  nature.  The  larger  and 
more  dominant  groups  within  each  class 
thus  tend  to  go  on  increasing  in  size  ;  and 
they  consequently  supplant  many  smaller 
and  feebler  groups.  Thus  we  can  ac- 
count for  the  fact  that  all  organisms,  re- 
cent and  extinct,  are  included  under  a 
few  great  orders,  and  under  still  fewer 
classes.  As  showing  how  few  the  higher 
groups  are  in  number,  and.  how  widHy 
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they  are  spread  throughout  the  world, 
th.  fact  is  striking  that  the  discovery  of 
Australia  has  not  added  an  insect  belong- 
ing to  a  new  class  ;  and  that  in  the  vege- 
table kingdom,  as  I  learn  from  Dr. 
Hooker,  it  has  added  only  two  or  three 
families  of  small  size. 

716.  In  the  chapter  on  Geological  Suc- 
cession I  attempted  to  show,  on  the  prin- 
ciple of  each  group  having  generally  di- 
verged  much    in   character  during  the 
long-continued   process  of  modification, 
how  it    <•  that  the   more   ancient  forms 
of  life  often   present  characters  in  some 
degree    intermediate    between     existing 
groups.     As  some  few  of  the  old  and  in- 
termediate forms  have  transmitted  to  the 
present  day  descendants  but  little  modi- 
fied, these  constitute  our  so-called  oscu- 
lant   or    aberrant    species.      The   more 
aberrant  any  form   is,   the  greater  must 
be  the  number  of  connecting  forms  which 
have  been   exterminated  and  utterly  lost. 
And  we  have  some  evidence  of  aberrant 
groups  having  suffered  severely  from  ex- 
tinction, for  they  are  almost  always  repre- 
sented  by  extremely   few  species  ;   and 
such   species  as  do  occur  are  generally 
very    distinct    from    each    other,   which 
again  implies    extinction.     The   genera 
Ornithorhynchus  and  Lepidosiren,  for  ex- 
ample, would  not  have  been  less  aberrant 
had  each   been  represented   by  a  dozen 
species,   instead   of  as  at   present  by  a 
single  one,  or  by  two  or  three.     We  can, 
J  think,  account  for  this  fact  only  by  look- 
ing at  aberrant  groups  as  forms  which 
have  been  conquered  by  more  successful 
competitors,   with   a  few   members  still 
preserved  under  unusually  favorable  con- 
ditions. 

717.  Mr.    Waterhouse    has    remarked 
that,  when   a  member  belonging  to  one 
group  of  animals  exhibits  an  affinity  to  a 
quite  distinct  group,  this  affinity  in  most 
cases  is  general  and  not  special ;   thus, 
according  to  Mr.  Waterhouse,  of  all  Ro- 
dents, the  bizcacha  is  most  nearly  related 
to  Marsupials  ;  but  in  the  points  in  which 
it  approaches  this  order  its  relations  are 
general,  that  is,  not  to  any  one  marsupial 
species  more  than  to  another.     As  these 
points  of  affinity  are  believed  to  be  real 
and  not  merely  adaptive,  they  must  be 
due  in  accordance  with  our  view  to  in- 
heritance   from    a  common    progenitor. 
Therefore  we  must  suppose  either  that 
all    Rodents,    including    the    bizcacha, 
branched  off  from  some  ancient  Marsu- 
pial, which  will  naturally  have  been  more 
or  less  intermediate  in  character  with  re- 
spect to  all  existing  Marsupials  ;  or  that 


both  Rodents  and  Marsupials  branched 
off  from  a  common  progenitor,  and  that 
both  groups  have  since  undergone  much 
modification  in  divergent  directions.  On 
either  view  we  must  suppose  that  the 
bizcacha  has  retained,  by  inheritance, 
more  of  the  characters  of  its  ancient  pro- 
genitor than  have  other  Rodents:  and 
therefore  it  will  not  be  specially  related 
to  any  one  existing  Marsupial,  but  indi- 
rectly to  all  or  nearly  all  Marsupials,  from 
having  partially  retained  the  character  of 
their  common  progenitor,  or  of  some 
early  member  of  the  group.  On  the  other 
hand,  of  all  Marsupials,  as  Mr.  Water- 
house  has  remarked,  the  Phascolomys 
resembles  most  nearly,  not  any  one  spe- 
cies, but  the  general  order  of  Rodents. 
In  this  case,  however,  it  may  be  strongly 
suspected  that  the  resemblance  is  only 
analogical,  owing  to  the  Phascolomys 
having  become  adapted  to  habits  like 
those  of  a  Rodent.  The  elder  De  Can- 
dolle  has  made  nearly  similar  observa- 
tions on  the  general  nature  of  the  affini- 
ties of  distinct  families  of  plants. 

718.  On  the  principle  of  the  multiplica- 
tion and  gradual  divergence  in  character 
of  the  species  descended  from  a  common 
progenitor,  together  with  their  retention 
by  inheritance  of  some  characters  in  com- 
mon, we  can  understand  the  excessively 
complex  and  radiating  affinities  by  which 
all  the  members  of  the  same  family  or 
higher  group    are  connected    together. 
For  the  common  progenitor  of  a  whole 
family,  now  broken  up  by  extinction  into 
distinct  groups  and  sub-groups,  will  have 
transmitted  some  of  its  characters,  modi- 
fied in  various  ways  and  degrees,  to  all 
the  species ;  and  they  will  consequently 
be  related  to  each  other  by  circuitous 
lines  of  affinity  of  various  lengths  (as  may 
be  seen  in  the  diagram  so  often  referred 
to),  mounting  up  through  many  prede- 
cessors.    As  it  is  difficult  to  show  the 
blood-relationship  between  the  numerous 
kindred  of  any  ancient  and  noble  family 
even  by  the  aid  of  a  genealogical  tree, 
and  almost  impossible  to  do  so  without 
this  aid,  we  can  understand  the  extra- 
ordinary difficulty  which  naturalists  have 
experienced   in  describing,  without   the 
aid  of  a  diagram,  the  various  affinities 
which  they  perceive  between  the  many 
living  and  extinct  members  of  the  same 
great  natural  class. 

719.  Extinction,  as  we  have  seen  in  the 
fourth  chapter,  has  played  an  important 
part  in  defining  and  widening  the  inter- 
vals between  the  several  groups  in  each 
class.     We  may  thus  account  for  the  dis- 
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tinctness  of  whole    classes    from    each 
other— for  instance,   of  birds    from    all 
other  vertebrate  animals— by   the  belief 
that  many  ancient  forms  of  life  have  been 
utterly  lost,  through  which  the  early  pro- 
genitors of  birds  were  formerly  connected 
with  the  early  progenitors  of  the  other 
and  at  that  time  less  differentiated  verte- 
brate classes.     There  has  been  much  less 
extinction  of  the  forms  of  life  which  once 
connected  fishes  with  batrachians.     There 
has   been  still  less  within    some  whole 
classes,  for  instance  the  Crustacea,  for 
here  the  most  wonderfully  diverse  forms 
are   still  linked  together  by  a  long  and 
only  partially  broken  chain  of  affinities. 
Extinction  has  only  defined  the  groups: 
it  has  by  no  means  made  them ;    for  if 
every  form  which  has  ever  lived   on  this 
earth  were  suddenly  to  reappear,  though 
it  would  be  quite  impossible  to  give  defi- 
nitions by  which  each   group   could  be 
distinguished,  still  a  natural  classification, 
or  at  least  a  natural  arrangement,  would 
be  possible.     We  shall  see  this  by  turning 
to  the  diagram  ;  the  letters,  A  to  L,  may 
represent  eleven  Silurian  genera,  some  of 
which    have   produced   large   groups   of 
modified  descendants,  with  every  link  in 
each   branch  and  sub-branch  still  alive ; 
and  the  links  not  greater  than  those  be- 
tween existing  varieties.     In  this  case  it 
would  be  quite  impossible  to  give  defi- 
nitions by  which  the  several  members  of 
the  several  groups  could  be  distinguished 
from  their  more  immediate  parents  and 
descendants.     Yet  the    arrangement    in 
the  diagram   would  still  hold  good  and 
would  be  natural ;  for,  on  the  principle  of 
inheritance,  all  the  forms  descended,  for 
instance,  from  A,  would  have  something 
in  common.     In  a  tree  we  can  distinguish 
this  or  that  branch,  though  at  the  actual 
fork  the  two  unite  and   blend   together. 
We  could  not,  as  I  have  said,  define  the 
several  groups ;  but  we  could   pick  out 
types,  or  forms,  representing  most  of  the 
characters  of  each  group,  whether  large 
or  small,  and  thus  give  a  general  idea  of 
the  value  of  the  differences  between  them. 
This  is  what  we  should  be  driven  to,  if 
we  were  ever  to  succeed  in  collecting  all 
the  forms  in  any  one   class  which   have 
lived  throughout  all  time  and  space.     As- 
suredly we  shall  never  succeed  in  making 
so  perfect  a  collection :  nevertheless,   in 
certain  classes,  we   are  tending  toward 
this  end  ;  and  Milne  Edwards  has  lately 
insisted,  in  an  able  paper,  on  the   high 
importance  of  looking  to  types,  whether 
or  not  we  can  separate  and  define  the 
groups  to  which  such  types  belong. 


720.  Finally,  we  have  seen  that  natuval 
selection,  which  follows  from  the  strug- 
gle for  existence,  and  which  almost  in- 
evitably leads  to  extinction  and  diver- 
gence of  character  in  the  descendants 
from  any  one  parent-species,  explains 
that  great  and  universal  feature  in  the 
affinities  of  all  organic  beings,  namely 
their  subordination  in  group  under  group. 
We  use  the  element  of  descent  in  class- 
ing the  individuals  of  both  sexes  and  of 
all  ages  under  one  species,  although  they 
may  have  but  few  characters  in  common  ; 
we  use  descent  in  classing  acknowledged 
varieties,  however  different  they  may  be 
from  their  parents ;  and  I  believe  that 
this  element  of  descent  is  the  hidden 
bond  of  connection  which  naturalists  have 
sought  under  the  term  of  the  Natural 
System.  On  this  idea  of  the  natural  sys- 
tem being,  in  so  far  as  it  has  been  per* 
fected,  genealogical  in  its  arrangement, 
with  the  grades  of  difference  expressed 
by  the  terms  genera,  families,  orders,  etc., 
we  can  understand  the  rules  which  we 
are  compelled  to  follow  in  our  classifica- 
tion. We  can  understand  why  we  value 
certain  resemblances  far  more  than  others; 
why  we  use  rudimentary  and  useless 
organs,  or  others  of  .trifling  physiolog- 
ical importance ;  why  in  finding  the  rela- 
tions between  one  group  and  another,  we 
summarily  reject  analogical  or  adaptive 
characters,  and  yet  use  these  same  char- 
acters within  the  limits  of  the  same 
group.  We  can  clearly  see  how  it  is 
that  all  living  and  extinct  forms  can  be 
grouped  together  within  a  few  great 
classes ;  and  how  the  several  members 
of  each  class  are  connected  together 
by  the  most  complex  and  radiating  lines 
of  affinities.  We  shall  never,  probably, 
disentangle  the  inextricable  web  of  the 
affinities  between  the  members  of  any  one 
class  ;  but  when  we  have  a  distinct  ob- 
ject in  view,  and  do  not  look  to  some  un- 
known plan  of  creation,  we  may  hope  to 
make  sure  but  slow  progress. 

721.  Professor  Hackel  in  his  "  Gene- 
relle  Morphologic  "  and  in  other  works, 
has  recently  brought  his  great  knowledge 
and  abilities  to  bear  on  what  he  calls 
phylogeny,  or  the  lines  of  descent  of  all 
organic  beings.  In  drawing  up  the  sev- 
eral series  he  trusts  chiefly  to  embryo- 
logical  characters,  but  receives  aid  from 
homologous  and  rudimentary  organs,  as 
well  as  from  the  successive  periods  at 
which  the  various  forms  of  life  are  be- 
lieved to  have  first  appeared  in  our  geo- 
logical formations.  He  has  thus  boldly 
made  a  great  beginning,  and  shows  us 
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how  classification  will  in  the  future  be 
treated. 

Morphology. 

722.  We  have  seen  that  the  members 
of  the  same  class,  independently  of  their 
habits  of  life,  resemble  each  other  in  the 
general  plan  of  their  organization.     This 
resemblance  is  often    expressed  by  the 
term  "  unity  of  type  ; "  or  by  saying  that 
the  several  parts  and  organs  in  the  differ- 
ent species  of  the  class  are  homologous. 
The  whole  subject  is  included  under  the 
general  term  of   Morphology.     This    is 
one  of  the  most  interesting  departments 
of  natural  history,  and  may  almost  be 
said  to  be  its  very  soul.     What  can  be 
more  curious  than   that  the  hand  of  a 
man,  formed  for  grasping,  that  of  a  mole 
for  digging,  the  leg  of  the  horse,  the  pad- 
dle of  the  porpoise,  and  the  wing  of  the 
bat,   should  all   be  constructed   on   the 
same  pattern,  and  should  include  similar 
bones,   in  the   same  relative  positions? 
How  curious  it  is,  to  give  a  subordinate 
though  'striking  instance,  that  the  hind- 
feet  of  the  kangaroo,  which  are  so  well 
fitted  for  bounding  over  the  open  plains, 
— those  of  the  climbing,  leaf-eating  koala, 
equally    well    fitted    for    grasping    the 
branches  of  trees, — those  of  the  ground- 
dwelling,  insect  or  root-eating,  bandicoots, 
— and   those  of  some   other  Australian 
marsupials, — should  all  be  constructed  on 
the  same  extraordinary  type,  namely  with 
the  bones  of  the  second  and  third  digits 
extremely  slender  and  enveloped  within 
the  same  skin,  so  that  they  appear  like 
a  single  toe  furnished  with  two  claws. 
Notwithstanding  this  similarity  of  pattern, 
it  is  obvious  that  the   hind  feet  of  these 
several  animals   are  used  for  as  widely 
different  purposes  as  it  is  possible  to  con- 
ceive.    The  case  is  rendered  all  the  more 
striking    by    the    American    opossums, 
which  follow  nearly  the  same  habits  of 
life  as  some  of  their  Australian  relatives, 
having  feet  constructed  on  the  ordinary 
plan.      Professor    Flower,   from    whom 
these  statements  are  taken,  remarks  in 
conclusion  :  "  We  may  call  this  conformi- 
ty to  type,  without  getting  much  nearer 
to  an  explanation  of  the  phenomenon ;  " 
and  he  then  adds  "  but  is  it  not  power- 
fully  suggestive  of  true   relationship,  of 
inheritance  from  a  common  ancestor  ?  " 

723.  Geoffrey  St.  Hilaire  has  strongly 
insisted  on  the  high  importance  of  rela- 
tive position  or  connection  in  homologous 
parts ;  they  may  differ  to  almost  any  ex- 
tent in  form  and  size,  and  yet  remain  con- 
nected together  in  the  same  invariable 


order.  We  never  find,  for  instance,  the 
bones  of  the  arm  and  fore-arm,  or  of  the 
thigh  and  leg,  transposed.  Hence  the 
same  names  can  be  given  to  the  homol- 
ogous bones  in  widely  different  animals. 
We  see  the  same  great  law  in  the  con- 
struction of  the  mouths  of  insects  :  what 
can  be  more  different  than  the  immensely 
long  spiral  proboscis  of  a  sphinx-moth, 
the  curious  folded  one  of  a  bee  or  bug, 
and  the  great  jaws  of  a  beetle  ? — yet  all 
these  organs,  serving  for  such  widely  dif- 
ferent purposes,  are  formed  by  infinitely 
numerous  modifications  of  an  upper  lip, 
mandibles,  and  two  pairs  of  maxillae. 
The  same  law  governs  the  construction 
of  the  mouths  and  limbs  of  crustaceans. 
So  it  is  with  the  flowers  of  plants. 

724.  Nothing  can   be  more  hopeless 
than  to  attempt  to  explain  this  similarity 
of  pattern  in  members  of  the  same  class, 
by  utility  or  by  the  doctrine  of  final  causes. 
The  hopelessness  of  the  attempt  has  been 
expressly  admitted  by  Owen  in  his  most 
interesting  work    on    the     "  Nature   of 
Limbs."     On  the  ordinary  view  of  the  in- 
dependent creation  of  each  being,  we  can 
only  say  that  so  it  is ; — that  it  has  pleased 
the  Creator  to  construct  all  the  animals 
and  plants  in  each  great  class  on  a  uniform 
plan ;  but  this  is  not  a  scientific  explan- 
ation. 

725.  The  explanation  is  to  a  large  ex- 
tent simple  on  the  theory  of  the  selectior. 
of  successive  slight  modifications, — each 
modification  being  profitable  in  some  way 
to  the  modified  form,  but  often  affecting 
by  correlation  other  parts  of  the  organi- 
zation.    In  changes  of  this  nature,  there 
will  be  little  or  no  tendency  to  alter  the 
original  pattern,  or  to  transpose  the  parts. 
The  bones  of  a  limb  might  be  shortened 
and  flattened  to  any  extent,  becoming  at 
the  same  time  enveloped  in  thick  mem- 
brane, so  as  to  serve  as  a  fin;  or  a  webbed 
hand  might  have  all  its  bones,  or  certain 
bones,  lengthened  to  any  extent,  with  the 
membrane  connecting  them  increased,  so 
as  to  serve  as  a  wing ;  yet  all  these  mod- 
ifications  would   not  tend  to  alter  the 
framework  of  the  bones  or  the  relative 
connection  of  the  parts.    If  we  suppose 
that  an  early  progenitor — the  archetype 
as  it  may  be  called — of  all  mammals, 
birds,  and   reptiles,  had  its  limbs  con- 
structed, on  the  existing  general  pattern, 
for  whatever  purpose  they  served,  we  can 
at  once  perceive  the  plain  signification  of 
the  homologous  construction  of  the  limbs 
throughout  the  class.     So  with  the  mouths 
of  insects,  we  have  only  to  suppose  that 
their  common  progenitor  had  an  upper 
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lip,  mandibles,  and  two  pairs  of  maxillae, 
these  parts  being  perhaps  very  simple  in 
form ;  and  then  natural  selection  will  ac- 
count for  the  infinite  diversity  in  the 
structure  and  functions  of  the  mouths  of 
insects.  Nevertheless,  it  is  conceivable 
that  the  general  pattern  of  an  organ  might 
become  so  much  obscured  as  to  be  finally 
lost,  by  the  reduction  and  ultimately  by 
the  complete  abortion  of  certain  parts,  by 
the  fusion  of  other  parts,  and  by  the  doub- 
ling or  multiplication  of  others, — varia- 
tions which  we  know  to  be  within  the 
limits  of  possibility.  In  the  paddles  of 
the  gigantic  extinct  sea-lizards,  and  in  the 
mouths  of  certain  suctorial  crustaceans, 
the  general  pattern  seems  thus  to  have 
become  partially  obscured. 

726.  There   is  another    and    equally 
curious  branch  of  our  subject;  namely, 
serial  homologies,  or  the  comparison   of 
the  different  parts  or  organs  in  the  same 
individual,  and  not  of  the  same  parts  or 
organs  in  different  members  of  the   same 
class.     Most  physiologists  believe    that 
the  bones  of  the  skull  are  homologous — 
that  is,  correspond  in  number  and  in  rel- 
ative connection — with  the  elemental  parts 
of  a  certain  number  of  vertebrae.     The 
anterior  and  posterior  limbs  in  all  the 
higher  vertebrate  classes  are  plainly  ho- 
mologous.    So  it  is  with  the  wonderfully 
complex  jaws  and   legs  of  crustaceans. 
It  is  familiar  to  almost  every  one,  that  in 
a  flower  the  relative  position  of  the  sepals, 
petals,  stamens,  and   pistils,   as  well  as 
their  intimate  structure,  are  intelligible  on 
the  view  that  they  consist  of  metamor- 
phosed leaves,  arranged  in  a  spire.     In 
monstrous   plants,   we   often  get  direct 
evidence  of  the  possibility  of  one  organ 
being  transformed  into  another ;  and  we 
can  actually  see,  during  the  early  or  em- 
bryonic stages  of  development  in  flowers, 
as  well  as  in  crustaceans  and  many  other 
animals,  that  organs,  which  when  mature 
become   extremely  different  are  at   first 
exactly  alike. 

727.  How  inexplicable  are  the  cases  of 
serial  homologies  on  the  ordinary  view  of 
creation  !     Why  should  the  brain  be  en- 
closed in  a  box  composed  of  such  nu- 
merous and  such  extraordinarily  shaped 
pieces  of  bone,  apparently  representing 
vertebras  ?    As  Owen  has  remarked,  the 
benefit  derived   from  the  yielding  of  the 
separate  pieces  in  the  act  of  parturition 
by  mammals,  will  by  no  means  explain 
the  same  construction  in  the  skulls   of 
birds  and  reptiles.     Why  should  similar 
bones  have  been  created  to  form  the  wing 
and  the  leg  of  a  bat,  used  as  they  are  for 


such  totally  different  purposes,  namely 
flying  and  walking  ?  Why  should  one 
crustacean,  which  has  an  extremely  com- 
plex mouth  formed  of  many  parts,  con- 
sequently always  have  fewer  legs ;  or 
conversely,  those  with  many  legs  have 
simpler  mouths  ?  Why  should  the  sepals, 
petals,  stamens,  and  pistils,  in  each  flower, 
though  fitted  for  such  distinct  purposes, 
be  all  constructed  on  the  same  pattern  ? 

728.  On  the  theory  of  natural  selection, 
we  can,  to  a  certain  extent,  answer  these 
questions.     We  need  not  here  consider 
how  the   bodies   of  some  animals   first 
became  divided  into  a  series  of  segments, 
or  how  they  became  divided   into  right 
and  left  sides,  with  corresponding  organs, 
for  such  questions  are  almost  beyond  in- 
vestigation.    It  is,  however,  probable  that 
some  serial  structures  are  the   result  of 
cells  multiplying  by  division,  entailing  the 
multiplication  of  the  parts  developed  from 
such  cells.     It  must  suffice  for  our  purpose 
to  bear  in  mind  that  an  indefinite  repetition 
of  the  same  part  or  organ  is  the  common 
characteristic,  as  Owen  has  remarked,  of 
all  low  or  little  specialized  forms;  therefore 
the  unknown  progenitor  of  the  Vertebrata, 
probably  possessed  many  vertebrae ;  the 
unknown   progenitor  of   the   Articulata, 
many  segments ;  and  the  unknown  pro- 
genitor of  flowering  plants,  many  leaves 
arranged  in  one  or  more  spires.     We  have 
also  formerly  seen  that  parts  many  times 
repeated  are  eminently  liable  to  vary,  not 
only  in  number,  but  in  form.    Consequent- 
ly such  parts,  being  already  present  in 
considerable  numbers,  and  being  highly 
variable,  would  naturally  afford  the    ma- 
terials for  adaptation  to  the  most  different 
purposes ;  yet  they  would  generally  re- 
tain,  through   the   force  of  inheritance, 
plain  traces  of   their  original  or  funda- 
mental resemblance.     They  would  retain 
this  resemblance  all   the   more,   as   the 
variations,  which  afforded  the   basis   for 
their  subsequent    modification    through 
natural  selection,  would   tend   from  the 
first  to  be  similar ;  the  parts  being  at  an 
early  stage  of  growth  alike,   and   being 
subjected  to  nearly  the  same  conditions. 
Such  parts,  whether  more  or  less  modified, 
unless  their  common  origin  became  wholly 
obscured,  would  be  serially  homologous. 

729.  In  the  great   class  of   molluscs, 
though  the  parts  in  distinct  species   can 
be  shown  to  be  homologous,  only  a  few 
serial   homologies,  such  as  the  valves  of 
Chitons,  can   be  indicated ;  that  is,   we 
are  seldom  enabled  to  say  that  one  part 
is   homologous  with   another  part   in  the 
same  individual.     And  we  can  understand 
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this  fact;  for  in  molluscs, -even  in  the 
lowest  members  of  the  class,  we  do  not 
find  nearly  so  much  indefinite  repetition 
of  any  one  part  as  we  find  in  the  other 
great  classes  of  the  animal  and  vegetable 
kingdoms. 

730.  But  morphology  is  a  much   more 
complex  subject   than  it  at  first   appears, 
as  has  lately  been  well  shown  in  a  re- 
markable   paper   by    .Mr.  E.  Ray    Lan- 
kester,  who  has  drawn  an  important  dis- 
tinction between  certain   classes  of  cases 
which  have  all  been   equally   ranked   by 
naturalists  as  homologous.     He  proposes 
to  call  the  structures  which  resemble  each 
other  in  distinct   animals,  owing  to  their 
descent  from  a  common  progenitor  with 
subsequent     modification    homogenous  ; 
and  the  resemblances  which  cannot  thus 
be  accounted   for,   he   proposes  to  call 
homoplastic.     For  instance,  he   believes 
that  the   hearts   of   birds  and   mammals 
are  as  a  whole  homogenous, — that  is,  have 
been  derived  from  a  common  progenitor ; 
but  that  the  four  cavities  of  the  heart  in 
the  two  classes  are  homoplastic, — that  is, 
have  been  independently  developed.     Mr. 
Lankester  also  adduces  the  close  resem- 
blance of  the  parts  on  the  right  and  left 
sides  of  the  body,  and   in  the   successive 
segments  of  the  same  individual  animal ; 
and  here  we  have  parts  commonly  called 
homologous,  which  bear  no  relation  to  the 
descent  of  distinct  species  from  a  common 
progenitor.     Homoplastic  structures   are 
the  same  with  those  which  I  have  classed, 
though   in  a  very  imperfect   manner,  as 
analogous  modifications  or  resemblances. 
Their  formation  may  be  attributed  in  part 
to  distinct  organisms,  or  to  distinct  parts 
of  the  same  organism,  having  varied  in 
an  analogous  manner ;    and   in   part  to 
similar  modifications,  having  been   pre- 
served for  the  same  general  purpose  or 
function, — of  which  many  instances  have 
been  given. 

731.  Naturalists   frequently   speak   of 
the  skull  as  formed  of  metamorphosed 
vertebras ;    the   jaws  of    crabs  as    meta- 
morphosed legs ;  the  sta-inens  and  pistils 
in  tiowers  as  metamorphosed  leaves  ;  but 
it  would  in  most  cases  be  more  correct,  as 
Professor  Huxlsy  has  remarked,  to  speak 
of  both  skull  and  vertebrae,  jaws  and  legs, 
etc.,  as  having  been  metamorphosed,  not 
one  from  the  other,  as  they  now    exist, 
but  from  some  common  and  simple  ele- 
ment.     Most   naturalists,   however,    use 
such   language   only   in   a   metaphorical 
sense ;  they  are  far  from  meaning  that 
during  a  long  course  of  descent,  primordial 
osgans  of  any  kind— vertebrae  in  the  one 


case  and  legs  in  the  other — have  actually 
been  converted  into  skulls  or  jaws.  Yet 
so  strong  is  the  appearance  of  this  having 
occurred,  that  naturalists  can  hardly  avoid 
employing  language  having  this  p.ain 
signification.  According  to  the  views 
here  maintained,  such  language  may  be 
used  literally;  and  the  wondenul  lact  of 
the  jaws,  for  instance,  of  a  crab  retaining 
numerous  characters,  which  they  probably 
would  have  retained  through  inheritance, 
if  they  had  really  been  metamorphosed 
from  true  though  extremely  simple,  legs, 
is  in  part  explained. 

Development  and  Embryology. 

732.  This  is  one  of  the  most  important 
subjects  in  the  whole  round  of  natural 
history.     The  metamorphoses  of  insects, 
with  which  every  one  is  familiar,  are  gen- 
erally effected  abruptly  by  a  few  stages ; 
but    the    transformations   are   in   reality 
numerous  and  gradual,  though  concealed. 
A  certain  ephemerous   insect  (Chloeon) 
during  its  development,  moults,  as  shown 
by  Sir  J.  Lubbock,  above  twenty  times, 
and  each  time  undergoes  a  certain  amount 
of  change ;  and  in  this  case  we  see  the  act 
of  metamorphosis  performed  in  a  primary 
and  gradual  manner.     Many  insects,  and 
especially  certain   crustaceans,  show  us 
what  wonderful  changes  of  structure  can 
be  effected  during  development.      Such 
changes,  however,  reach  their  climax  in 
the    so-called    alternate    generations    of 
some  of  the    lower    animals.     It   is,  for 
instance,  an  astonishing  fact  that  a  deli- 
cate  branching  coraline,    studded    with 
polypi  and  attached  to  a  submarine  rock, 
should  produce,  first  by  budding  and  then 
by  transverse  division,   a  host  of  huge 
floating  jelly-fishes  ;  and  that  these  should 
produce  eggs,   from  wh>ch  are   hatcheo 
swimming    animalcules,    which     attach 
themselves  to  rocks  and  become  developed 
into  branching  corallines ;  and  so  on  in  an 
endless  cycle.     The  belief  in  the  essential 
identity  of  the  process  of  alternate  gen- 
eration and   of  ordinary  metamorphosis 
has  been  greatly  strengthened  by  Wag- 
ner's discovery  of  the  larva  or  maggot  of 
a  fly,  namely  the  Cecidomyia,  producing 
asexually  other  larvae  and   these  others, 
which  finally  are  developed  into   mature 
males  and  females,  propagating  their  kind 
in  the  ordinary  manner  by  eggs. 

733.  It  may  be  worth  notice  that  when 
Wagner's  remarkable  discovery  was  first 
announced,  I  was  asked  how  was  it  pos- 
sible to  account  for  the  larvae  of  this  fly 
having  acquired  the  power  of  asexual  re- 
production,   As  long  as    the    case    rc- 
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mained  unique  no  answer  could  be  given. 
But  already  Grimm  has  shown  that 
another  fly,  a  Chironomus,  reproduces 
itself  in  nearly  the  same  manner,  and  he 
believes  that  this  occurs  frequently  in  the 
Order.  It  is  the  pupa,  and  not  the  larva, 
of  the  Chironomus  which  has  this  power  : 
and  Grimm  further  shows  that  this  case, 
to  a  certain  extent,  "  unites  that  of  the 
Cecidomyia  with  the  parthenogenesis  of 
the  Coccidae  ;  " — the  term  parthenogene- 
sis implying  that  the  mature  females  of 
the  Coccidae  are  capable  of  producing 
fertile  eggs  without  the  concourse  of  the 
male.  Certain  animals  belonging  to  sev- 
eral classes  are  now  known  to  have  the 
power  of  ordinary  reproduction  at  an  un- 
usually early  age  ;  and  we  have  only  to 
accelerate  parthenogenetic  reproduction 
by  gradual  steps  to  an  earlier  and  earlier 
age, — Chironomus  showing  us  an  almost 
exactly  intermediate  stage,  viz.,  that  of 
the  pupa — and  we  can  perhaps  account 
for  the  marvelous  case  of  the  Cecidom- 
yia. 

734.  It  has  already  been  stated  that 
various  parts  in  the  same  individual 
which  are  exactly  alike  during  an  early 
embryonic  period,  become  widely  differ- 
ent and  serve  for  widely  different  pur- 
poses in  the  adult  state.  So  again  it  has 
been  shown  that  generally  the  embryos 
of  the  most  distinct  species  belonging  to 
the  same  class  are  closely  similar,  but 
become,  when  fully  developed,  widely  dis- 
similar. A  better  proof  of  this  latter  fact 
cannot  be  given  than  the  statement  by 
Von  Baer  that  "  the  embryos  of  mamma- 
lia, of  birds,  lizards,  and  snakes,  proba- 
bly also  of  chelonia,  are  in  their  earliest 
states  exceedingly  like  one  another,  both 
as  a  whole  and  in  the  mode  of  devel- 
opment of  their  parts;  so  much  so,  in 
fact,  that  we  can  often  distinguish  the 
embryos  only  by  their  size.  In  my  pos- 
session are  two  little  embryos  in  spirit, 
whose  names  I  have  omitted  to  attach, 
and  at  present  I  am  quite  unable  to  say  to 
what  class  they  belong.  They  may  be  liz- 
ards or  small  birds,  or  very  young  mam- 
malia, so  complete  is  the  similarity  in  the 
mode  of  formation  of  the  head  and  trunk 
in  these  animals.  The  extremities,  how- 
ever, are  still  absent  in  these  embryos. 
But  even  if  they  had  existed  in  the  earliest 
stage  of  their  development  we  should 
learn  nothing,  for  the  feet  of  lizards  and 
mammals,  the  wings  and  feet  of  birds,  no 
less  than  the  hands  and  feet  of  man,  all 
arise  from  the  same  fundamental  form." 
The  larvae  of  most  crustaceans,  at  corres- 
ponding stages  of  development,  closely  re- 


semble each  other,  however  different  the 
adults  may  become ;  and  so  it  is  with 
very  many  other  animals.  A  trace  of  the 
law  of  embryonic  resemblance  occasion- 
ally lasts  till  a  rather  late  age:  thus  birds 
of  the  same  genus,  and  of  allied  genera, 
often  resemble  each  other  in  their  imma- 
ture plumage  ;  as  we  see  in  the  spotted 
feathers  in  the  young  of  the  thrush  group. 
In  the  cat  tribe,  most  of  the  species  when 
adult  are  striped  or  spotted  in  lines  ;  and 
stripes  or  spots  can  be  plainly  distin- 
guished in  the  whelp  of  the  lion  and  the 
puma.  We  occasionally  though  rarely  see 
something  of  the  same  kind  in  plants ; 
thus  the  first  leaves  of  the  ulex  or  furze, 
and  the  first  leaves  of  the  phyllodineous 
acacias,  are  pinnate  or  divided  like  the 
ordinary  leaves  of  the  leguminosae. 

735.  The  points  of  structure,  in  which 
the  embyros  of  widely  different  animals 
within    the    same  class   resemble    each 
other,  often   have   no  direct  relation   to 
their  conditions  of  existence.     We  cannot, 
for  instance,  suppose  that  in  the  embryos 
of  the  vertebrata  the  peculiar  loop-like 
courses  of  the  arteries  near  the  branchial 
slits  are  related  to  similar  conditions, — in 
the  young  mammal  which  is  nourished  in 
the  womb  of  its  mother,  in  the  egg  of  the 
bird   which  is  hatched  in  a  nest,  and  in 
the  spawn  of  a  frog  under  water.     We 
have  no  more  reason  to  believe  in  such  a 
relation,  than  we  have  to  believe  that  the 
similar  bones  in  the  hand  of  a  man,  wing 
of  a  bat,  and  fin  of  a  porpoise,  are  related 
to  similar  conditions  of  life.     No  one  sup- 
poses that  the  stripes  on  the  whelp  of  a 
lion,  or  the  spots  on  the  young  blackbird, 
are  of  any  use  to  these  animals. 

736.  The  case,   however,  is    different 
when  an  animal  during  any  part  of  its  em- 
bryonic career  is  active,  and  has  to  pro- 
vide for  itself.     The   period  of  activity 
may  come  on  earlier  or  later  in  life  ;  but 
whenever  it  comes  on,  the  adaptation  of 
the  larva  to  its  conditions  of  life  is  just  as 
perfect  and  as  beautiful  as  in  the  adult  ani- 
mal.    In  how  important  a  manner  this 
has  acted,  has  recently  been  well  shown 
by  Sir  J.  Lubbock  in  his  remarks  on  the 
close  similarity  of   the   larva?    of   some 
insects  belonging  to  very  different  orders, 
and  on  the  dissimilarity  of  the  larva?  of 
other  insects  within  the  same  order,  ac- 
cording to  their  habits  of  life.     Owing  to 
such  adaptations,   the  similarity  of   the 
larvae   of    allied    animals    is    sometimes 
greatly  obscured  ;   especially  when  there 
is  a  division  of  labor  during  the  different 
stages  of  development,  as  when  the  same 
larva  has  during  one  stage  to  search  for 
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food,  and  during  another  stage  has  to 
search  for  a  place  of  attachment.  Cases 
can  even  be  given  of  the  larva;  of  allied 
species,  or  groups  of  species,  differing 
more  from  each  other  than  do  the  adults. 
In  most  cases,  however,  the  larvae,  though 
active,  still  obey,  more  or  less  closely,  the 
law  of  common  embryonic  resemblance. 
Cirripedes  afford  a  good  instance  of  this  ; 
even  the  illustrious  Cuvier  did  not  per- 
ceive that  a  barnacle  was  a  crustacean ; 
but  a  glance  at  the  larva  shows  this  in  an 
unmistakable  manner.  So  again  the  two 
main  divisions  of  cirripedes,  the  peduncu- 
lated  and  sessile,  though  differing  widely 
in  external  appearance,  have  larvae  in  all 
their  stages  barely  distinguishable. 

737.  The  embryo  in  the  course  of  devel- 
opment generally  rises  in  organization ;  I 
use  this  expression,  though  I  am  aware 
that  it  is  hardly  possible  to  define  clearly 
what  is  meant  by  the  organization  being 
higher  or  lower.  But  no  one  probably 
will  dispute  that  the  butterfly  is  higher 
than  the  caterpillar.  In  some  cases,  how- 
ever, the  mature  animal  must  be  consid- 
ered as  lower  in  the  scale  than  the  larva, 
as  with  certain  parasitic  crustaceans.  To 
refer  once  again  to  cirripedes :  the  larvae 
in  the  first  stage  have  three  pairs  of  loco- 
motive organs,  a  simple  single  eye,  and  a 
probosciformed  mouth,  with  which  they 
feed  largely,  for  they  increase  much  in 
size.  In  the  second  stage,  answering  to 
the  chrysalis  stage  of  butterflies,  they 
have  six  pairs  of  beautifully  constructed 
natatory  legs,  a  pair  of  magnificent  com- 
pound eyes,  and  extremely  complex 
antennas  ;  but  they  have  a  closed  and  im- 
perfect mouth,  and  cannot  feed ;  their 
function  at  this  stage  is,  to  search  out  by 
their  well-developed  organs  of  sense,  and 
to  reach  by  their  active  powers  of  swim- 
ming, a  proper  place  on  which  to  become 
attached  and  to  undergo  their  final  met- 
amorphosis. When  this  is  completed 
they  are  fixed  for  life  :  their  tegs  are  now 
converted  into  prehensile  organs ;  they 
again  obtain  a  well-constructed  mouth; 
but  they  have  no  antennas,  and  their  two 
eyes  are  now  reconverted  into  a  minute, 
single,  simple  eye-spot.  In  this  last  and 
complete  state,  cirripedes  may  be  consid- 
ered as  either  more  highly  or  more  lowly 
organized  than  they  were  in  the  larval 
condition.  But  in  some  genera  the  larvae 
become  developed  into  hermaphrodites 
having  the  ordinary  structure,  and  into 
what  I  have  called  complemental  males  ; 
and  in  the  latter  the  development  has  as- 
suredly been  retrograde,  for  the  male  is  a 
mere  sack,  which  lives  for  a  short  time 


and  is  destitute  of  mouth,  stomach,  and 
every  other  organ  of  importance,  except- 
ing those  for  reproduction. 

738.  We  are  so  much  accustomed  to 
see  a  difference  in  structure  between  the 
embryo    and    the    adult,  that    we    are 
tempted  to  look  at  this  difference  as  in 
some    necessary  manner  contingent  on 
growth.     But  there  is  no  reason  why,  for 
instance,  the  wing  of  a  bat,  or  the  fin  of  a 
porpoise,  should  not  have  been  sketched 
out  with  all  their  parts  in  proper  propor- 
tion, as  soon  as  any  part  became  visible. 
In  some  whole  groups  of  animals  and  in 
certain  members  of  other  groups  this  is 
the  case,  and  the  embryo  does  not  at  any 
period  differ  widely  from  the  adult :  thus 
Owen  has  remarked  in  regard  to  cuttle- 
fish, "  there  is   no    metamorphosis  ;  the 
cephalopodic  character  is  manifested  long 
before  the  parts  of  the  embryo  are  com- 
pleted."    Land-shells     and     fresh-water 
crustaceans  are  born  having*their  proper 
forms,  while  the  marine  members  of  the 
same  two  great  classes  pass  through  con- 
siderable and  often  great  changes  during 
their  development.    Spiders,  again,  barely 
undergo  any  metamorphosis.     The  larva 
of  most  insects  pass  through  a  worm-like 
stage,  whether  they  are  active  and  adapt- 
ed to  diversified  habits,  or  are   inactive 
from  being  placed  in  the  midst  of  proper 
nutriment  or  from  being  fed  by  their  par- 
ents ;  but  in  some  few  cases,  as  in  that  of 
Aphis,  if  we  look  to  the  admirable  draw- 
ings of  the  development  of  this  insect,  by 
Professor  Huxley,   we  see   hardly   any 
trace  of  the  vermiform  stage. 

739.  Sometimes  it  is  only  the  earlier 
developmental  stages    which  fail.    Thus 
Fritz  Miiller  has  made   the  remarkable 
discovery  that  certain  shrimp-like  crusta- 
ceans (allied  to  Penceus)  first  appear  un- 
der the  simple  nauplius-form,  and  after 
passing  through  two  or  more  zoea-stages, 
and  then  through  the  mysis-stage,  finally 
acquire  their  mature  structure :  now  in 
the  whole  great  malacostracan  order,  to 
which  these  crustaceans  belong,  no  other 
member  is  as  yet  known  to  be  first  devel- 
oped   under  the  nauplius-form,  though 
many  appear  as  zoeas ;  nevertheless  Miil- 
ler assigns  reasons  for  his  belief,  that  if 
there  had  been  no  suppression  of  develop- 
ment, all  these  crustaceans  would  have 
appeared  as  nauplii. 

740.  How,  then,  can  we  explain   these 
several  facts  in  embryology, — namely,  the 
very  general,  though  not  universal,  dif- 
ference in  structure  between  the  embryo 
and  the  adult ; — the  various  parts  in  the 
same  individual  embryo,  which  ultimately 
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become  very  unlike  and  serve  for  diverse 
purposes,  being  at  an  early  period  of 
growth  alike  ; — the  common,  but  not  in- 
variable, resemblance  between  the  em- 
bryos or  larvae  of  the  most  distinct  species 
in  the  same  class  ; — the  embryo  often  re- 
taining while  within  the  egg  or  womb, 
structures  which  are  of  no  service  to  it, 
either  at  that  or  at  a  later  period  of  life  ; 
on  the  other  hand  larvae,  which  have  to 
provide  for  their  own  wants,  being  per- 
fectly adapted  to  the  surrounding  condi- 
tions ; — and  lastly  the  fact  of  certain  larvae 
standing  higher  in  the  scale  of  organiza- 
tion than  the  mature  animal  into  which 
they  are  developed  ?  I  believe  that  all 
these  facts  can  be  explained,  as  follows : 

741.  It  is  commonly  assumed,  perhaps 
from  monstrosities  affecting  the  embryo 
at  a  very  early  period,  that  slight  varia- 
tions or  individual  differences  necessarily 
appear  at  an  equally  early  period.     We 
have  little  evidence   on  this  head,  but 
what  we  have  certainly  points  the  other 
way ;  for  it  is  notorious  that  breeders  of 
cattle,  horses,  and  various  fancy  animals, 
cannot  positively  tell,   until   some  time 
after  birth,  what  will  be  the  merits  or  de- 
merits of  their  young  animals.     We  see 
this  plainly  in  our  own  children  ;  we  can- 
not tell  whether  a  child  will  be  tall  or 
short,  or  what  its  precise  features  will  be. 
The  question  is  not,  at  what  period  of  life 
each  variation  may  have  been  caused,  but 
at  what  period  the  effects  are  displayed. 
The  cause  may  have  acted,  and  I  believe 
often  has  acted,  on  one  or  both  parents 
before  the  act  of  generation.     It  deserves 
notice  that  it  is  of  no  importance  to  a 
very  young  animal,  as  long  as  it  remains 
in  its  mother's  womb  or  in  the  egg,  or  as 
long  as  it  is  nourished  and  protected  by 
its  parent,  whether  most  of  its  characters 
are  acquired  a  little  earlier  or  later  in  life. 
It  would  not  signify,  for  instance,  to  a 
bird  which  obtained  its  food  by  having  a 
much-curved  beak  whether  or  not  while 
young  it  possessed  a  beak  of  this  shape, 
as  long  as  it  was  fed  by  its  parents. 

742.  I  have  stated  in  the  first  chapter, 
that  at  whatever  age  a  variation  first  ap- 
pears in  the  parent,  it  tends  to  re-appear 
at  a  corresponding  age  in  the  offspring. 
Certain  variations  can  only  appear  at  cor- 
responding ages  ;  for  instance,  peculiari- 
ties in  the  caterpillar,  cocoon,  or  imago 
states  of  the  silk-moth  :  or,  again,  in  the 
full-grown  horns  of  cattle.      But  varia- 
tions,  which,  for  all  that  we  can  see, 
might  have  first  appeared  either  earlier 
or  later  in  life,  likewise  tend  to  re-appear 
at  a  corresponding  age  in  the  offspring 
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and  parent.  I  am  far  from  meaning  that 
this  is  invariably  the  case,  and  I  could 
give  several  exceptional  cases  of  varia- 
tions (taking  the  word  in  the  largest 
sense)  which  have  supervened  at  an  ear- 
lier age  in  the  child  than  in  the  parent. 

743.  These  two  principles,  namely,  that 
slight  variations  generally  appear  at  a  not 
very  early  period  of  life,  and  are  inherited 
at  a  corresponding  not  early  period,  ex- 
plain, as  I  believe,  all  the  above  specified 
leading   facts  in  embryology.     But  first 
let  us  look  to  a  few  analogous  cases  in 
our  domestic   varieties.      Some   authors 
who  have  written  on  Dogs,  maintain  that 
the  greyhound  and  bulldog,  though  so 
different,  are  really  closely  allied  varieties, 
descended   from   the   same  wild   stock ; 
hence  I  was  curious  to  see  how  far  their 
puppies  differed  from  each  other :  I  was 
told  by  breeders  that  they  differed  just  as 
much  as  their  parents,  and  this,  judging 
by  the  eye,  seemed  almost  to  be  the  case  ; 
but  on  actually  measuring  the  old  dogs 
and  their  six-days-old  puppies,  I   found 
that  the  puppies  had  not  acquired  nearly 
their  full  amount  of  proportional  differ- 
ence.    So,  again,  I  was  told  that  the  foals 
of  cart  and    race-horses — breeds  which 
have  been  almost  wholly  formed  by  selec- 
tion   under     domestication — differed    as 
much   as   the   full-grown    animals ;    but 
having  had  careful  measurements  made 
af  the  dams  and  of  threc-days-old  colts 
of  race  and  heavy  cart-horses,  I  find  that 
this  is  by  no  means  the  case. 

744.  As  we  have  conclusive  evidence 
that  the  breeds  of  the    Pigeon   are   de- 
scended  from   a   single   wild  species,   I 
compared  the  young  within  twelve  hours 
after  being   hatched ;  I    carefully  meas- 
ured the  proportions  (but  will  not  here 
give  the  details)  of  the  beak,  width  of 
mouth,  length  of  nostril  and  of  eyelid, 
size  of  feet  and  length  of  leg,  in  the  wild 
parent-species,  in  pouters,  fantails,  runts, 
barbs,   dragons,  carriers,  and  tumblers. 
Now  some  of  these  birds,  when  mature, 
differ  in  so  extraordinary  a  manner  in  the 
length  and  form  of  beak,  and  in  other 
characters,  that  they  would  certainly  have 
been  ranked  as  distinct  genera  if  found  in 
a  state  of  nature.     But  when  the  nestling 
birds  of  these  several  breeds  were  placed 
in  a  row,  though  most  of  them  could  just  be 
distinguished,  the  proportional  differences 
in  the  above  specified  points  were  incom- 
parably less  than  in  the  full-grown  birds. 
Some  characteristic  points  of  difference — 
for  instance,  that  of  the  width  of  mouth — 
could  hardly  be  detected  in   the  young. 
But  there  was  one  remarkable  exception 
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to  this  rule,  for  the  young  of  the  short- 
faced  tumbler  differed  from  the  young  of 
the  wild  rock-pigeon  and  of  the  other 
breeds  in  almost  exactly  the  same  pro- 
portions as  in  the  adult  state. 

745.  These  facts  are  explained  by  the 
above  two    principles.      Fanciers    select 
their    dogs,    horses,    pigeons,   etc.,    for 
breeding,  when  nearly  grown  up;    they 
are  indifferent  whether  the  desired  quali- 
ties are  acquired  earlier  or  later  in  life,  if 
the   full-grown  animal  possesses   them. 
And  the  cases  just  given,  more  especially 
that  of  the  pigeons,  show  that  the  charac- 
teristic differences  which  have  been  accu- 
mulated by  man's  selection,  and  which 
give  value  to  his  breeds,  do  not  generally 
appear  at  a  very  early  period  of  life,  and 
are  inherited  at  a  corresponding  not  early 
period.     But  the  case  of  the  short-faced 
tumbler,  which  when    twelve  hours  old 
possessed   its  proper  characters,  proves 
that  this  is  not  the  universal  rule  ;    for 
here  the  characteristic  differences  must 
either  have  appeared  at  an  earlier  period 
than  usual,  or,  if  not  so,  the  differences 
must  have  been  inherited,  not  at  a  corre- 
sponding, but  at  an  earlier  age. 

746.  Now  let  us  apply  these  two  prin- 
ciples to  species  in  a  state  of  nature.     Let 
us  take  a  group  of  birds,  descended  from 
some  ancient  form  and  modified  through 
natural    selection    for    different     habits. 
Then,  from  the  many  slight  successive 
variations  having  supervened  in  the  sev- 
eral species  at  a  not  early  age,  and  hav- 
ing been   inherited   at   a  corresponding 
age,  the  young  will  have  been  but  little 
modified,  and  they  will  still  resemble  each 
other   much   more   closely  than   do   the 
adults, — just  as  we  have  seen  with  the 
breeds  of  the  pigeon.     We  may  extend 
this  view  to  widely  distinct  structures  and 
to  whole  classes.     The  fore-limbs,  for  in- 
stance, which  once  served  as  legs  to  are- 
mote     progenitor,    may    have     become, 
through  a   long  course  of  modification, 
adapted   in    one    descendant    to   act   as 
hands,  in  another  as  paddles,  in  another 
as  wings ;  but  on  the  above  two  princi- 
ples the  fore-limbs  will  not  have   been 
much  modified  in  the  embryos  of  these 
several  forms  ;  although  in  each  form  the 
fore-limb  will  differ  greatly  in  the  adult 
state.      Whatever  influence  long-contin- 
ued use  or  disuse  may  have  had  in  mod- 
ifying the    limbs   or'  other  parts  of  any 
species,  this  will  chiefly  or  solely  have  af- 
fected  it   when   nearly  mature,   when  it 
was  compelled  to  use  its  full  powers  to 
gain  its  own  living;  and  the  effects  thus 
produced  will  have  been  transmitted  to 


I  the  offspring  at  a  corresponding  nearly 
j  mature  age.  Thus  the  young  will  not  be 
j  modified,  or  will  be  modified  only  in  a 
|  slight  degree,  through  the  effects  of  the 
!  increased  use  or  disuse  of  parts. 

747.  With  some  animals  the  successive 
;  variations  may  have  supervened  at  a  very 
!  early  period  of  life,  or  the  steps  may  hav« 
|  been  inherited  at  an  earlier  age  than  that 

I  at  which  they  first  occurred.  In  either  ol 
these  cases,  the  young  or  embryo  will 
closely  resemble  the  mature  parent-form, 
as  we  have  seen  with  the  short-faced 
tumbler.  And  this  is  the  rule  of  devel- 
opment in  certain  whole  groups,  or  in  cer- 
tain sub-groups  alone,  as  with  cuttle-fish, 
land-shells,  fresh-water  crustaceans,  spi- 
ders, and  some  members  of  th^  great 
class  of  insects.  With  respect  to  the  final 
cause  of  the  young  in  such  groups  not 
passing  through  any  metamorphosis,  we 
can  see  that  this  would  follow  from  the 
following  contingencies ;  namely,  from  the 
young  having  to  provide  at  a  very  early 
age  for  their  own  wants,  and  from  their 
following  the  same  habits  of  life  with 
their  parents ;  for  in  this  case,  it  would 
be  indispensable  for  their  existence  that 
they  should  be  modified  in  the  same  man- 
ner as  their  parents.  Again,  with  respect 
to  the  singular  fact  that  many  terrestrial 
and  fresh-water  animals  do  not  undergo 
any  metamorphosis,  while  marine  mem- 
bers of  the  same  groups  pass  through  va- 
rious transformations,  Fritz  Miiller  has 
suggested  that  the  process  of  slowly  mod- 
ifying and  adapting  an  animal  to  live  on 
the  land  or  in  fresh  water,  instead  of  in 
the  sea,  would  be  greatly  simplified  by  its 
not  passing  through  any  larval  stage  ;  for 
it  is  not  probable  that  places  well  adapted 
for  both  the  larval  and  mature  stages, 
under  such  new  and  greatly  changed 

!  habits  of  life,  would  commonly  be  found 

i  unoccupied  or  ill-occupied  by  other  organ- 
isms. In  this  case  the  gradual  acquire- 
ment at  an  earlier  and  earlier  age  of  tht 
adult  structure  would  be  favored  by  nat- 
ural selection ;  and  all  traces  of  former 

!  metamorphoses  would  finally  be  lost. 

748.  If,  on  the  other  hand,  it  profited 
the  young  of  an  animal  to  follow  habits 
of  life  slightly  different  from  those  of  the 
parent-form,  and  consequently  to  be  con- 
structed on  a  slightly  different  plan,  or  L" 

,  it  profited  a  larva  already  different  from 
j  its  parent  to  change  still  further,  then,  on 
;  the  principle  of  inheritance  at  correspond- 
!  ing  ages,  the  young  or  the  larvae  might 
|  be  rendered   by  natural  selection  more 
and  more  different  from  their  parents  to 
any  conceivable  extent.      Differences  in 
in 
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the  larva  might,  also,  become  correlated 
with  successive  stages  of  its  development ; 
so  that  the  larva,  in  the  first  stage,  might 
come  to  differ  greatly  from  the  larva  in 
the  second  stage,  as  is  the  case  with 
many  animals.  The  adult  might  also  be- 
come fitted  for  sites  or  habits,  in  which 
organs  of  locomotion  or  of  the  senses, 
etc.,  would  be  useless ;  and  in  this  case 
the  metamorphosis  would  be  retrograde. 

749.  From  the  remarks  just  made  we 
can  see  how  by  changes  of  structure  in 
the  young,  in  conformity  with  changed 
habits  of  life,  together  with  inheritance 
at    corresponding    ages,   animals  might 
come  to  pass  through  stages  of  develop- 
ment, perfectly  distinct  from  the  primor- 
dial condition  of  their  adult  progenitors. 
Most  of  our  best  authorities  are  now  con- 
vinced that  the  various  larval  and  pupal 
stages  of  insects  have  thus  been  acquired 
through  adaptation,  and  not  through  in- 
heritance from  some  ancient  form.     The 
curious  case  of  Sitaris — a  beetle  which 
passes  through  certain  unusual  stages  of 
development — will    illustrate     how    this 
might  occur.     The  first  larval  form  is  de- 
scribed by  M.  Fabre,  as  an  active,  mi- 
nute insect,  furnished  with  six  legs,  two 
long    antennas,  and    four    eyes.     These 
larvae  are  hatched  in  the  nests  of  bees ; 
and  when  the  male-bees    emerge  from 
their  burrows,  in  the  spring,  which  they 
do  before  the  females,  the  larvae  spring 
on  them,  and  afterward  crawl  on  to  the 
females  while    paired    with    the   males. 
As  soon  as  the  female  bee  deposits  her 
eggs  on  the  surface  of  the  honey  stored 
in  the  cells,  the  larvae  of  the  Sitaris  leap 
on   the  eggs  and  devour  them.     After- 
ward they  undergo  a  complete  change ; 
their  eyes  disappear ;  their  legs  and  an- 
tennae become  rudimentary,  and  they  feed 
on  honey ;  so  that  they  now  more  closely 
resemble  the  ordinary  larvae  of  insects ; 
ultimately  they  undergo  a  further  trans- 
formation, and  finally  emerge  as  the  per- 
fect beetle.     Now,  if  an  insect,  undergo- 
ing transformations  like  those  of  the  Si- 
taris, were  to  become  the  progenitor  of  a 
whole  new  class  of  insects,  the  course  of 
development  of  the  new  class  would  be 
widely  different  from  that  of  our  existing 
insects ;   and  the  first  larval  stage  cer- 
tainly would  not  represent   the    former 
condition  of  any  adult  and  ancient  form. 

750.  On  the  other  hand  it  is  highly  prob- 
able that  with  many  animals  the  embry- 
onic or  larval  stages   show  us,  more  or 
less  completely,  the  condition  of  the  pro- 
genitor of  the  whole  group  in  its  adult 
state.    In  the  great  class  of  the  Crusta- 


cea, forms  wonderfully  distinct  from 
each  other,  namely,  suctorial  parasites, 
cirripedes,  entomostraca,  and  even  the 
malacostraca,  appear  at  first  as  "larvae  un- 
der the  nauplius  form  ;  and  as  these  larva:: 
live  and  feed  in  the  open  sea,  and  are  not 
adapted  for  any  peculiar  habits  of  life, 
and  from  other  reasons  assigned  by  Fritz 
Miiller,  it  is  probable  that  at  some  very 
remote  period  an  independent  adult  ani- 
mal, resembling  the  Nauplius,  existed, 
and  subsequently  produced,  along  several 
divergent  lines  of  descent,  the  above- 
named  great  Crustacean  groups.  So 
again  it  is  probable,  from  what  we  know 
of  the  embryos  of  mammals,  birds,  fishes, 
and  reptiles,  that  these  animals  are  the 
modified  descendants  of  some  ancient  pro- 
genitor, which  was  furnished  in  its  adult 
state  with  branchiae,  a  swim-bladder,  four 
fin-like  limbs,  and  a  long  tail,  all  fitted 
for  an  aquatic  life. 

751.  As  all  the  organic  beings,  extinct 
and  recent  which  have  ever  lived,  can  be 
arranged  within  a  few  great  classes ;  and 
as  all  within  each  class  have,  according 
to  our  theory,  been  connected  together 
by  fine  gradations,  the  best,  and,  if  our 
collections  were  nearly  perfect,  the  only 
possible  arrangement,  would  be  genea- 
logical ;  descent  being  the  hidden  bond 
of  connection  which  naturalists  have  been 
seeking  under  the  term  of  the  Natural  Sys- 
tem. On  this  view  we  can  understand 
how  it  is  that,  in  the  eyes  of  most  natu- 
ralists, the  structure  of  the  embryo  is  even 
more  important  for  classification  than 
that  of  the  adult.  In  two  or  more  groups 
of  animals,  however  much  they  may  dif- 
fer from  each  other  in  structure  and  hab- 
its in  their  adult  condition,  if  they  pass 
through  closely  similar  embryonic  stages, 
we  may  feel  assured  that  they  all  are  de- 
scended from  one  parent-form,  and  are 
therefore  closely  related.  Thus,  commu- 
nity in  embryonic  structure  reveals  com- 
munity of  descent ;  but  dissimilarity  in 
embryonic  development  does  not  prove 
discommunity  of  descent,  for  in  one  of 
two  groups  the  developmental  stages  may 
have  been  suppressed,  or  may  have  been 
so  greatly  modified  through  adaptation 
to  new  habits  of  life,  as  to  be  no  longer 
recognizable.  Even  in  groups,  in  which 
the  adults  have  been  modified  to  an  ex- 
treme degree,  community  of  origin  is 
often  revealed  by  the  structure  of  the  lar- 
vae ;  we  have  seen,  for  instance,  that  cir- 
ripedes, though  externally  so  like  shell- 
fish, are  at  once  known  'by  their  larvae 
to  belong  to  the  great  class  of  crustace- 
ans. As  the  embryo  often  shows  us 
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more  or  less  plainly  the  structure  of  the 
less  modified  and  ancient  progenitor  of 
the  group,  we  can  see  why  ancient  and 
extinct  forms  so  often  resemble  in  their 
adult  state  the  embryos  of  existing  spe- 
cies of  the  same  class.  Agassiz  believes 
this  to  be  a  universal  law  of  nature ; 
and  we  hope  hereafter  to  see  the  law 
proved  true.  It  can,  however,  be  proved 
true  only  in  those  cases  in  which  the  an- 
cient state  of  the  progenitor  of  the  group 
has  not  been  wholly  obliterated,  either 
by  successive  variations  having  super- 
vened at  a  very  early  period  of  growth,  or 
by  such  variations  having  been  inherited 
at  an  earlier  age  than  that  at  which  they 
first  appeared.  It  should  also  be  borne 
in  mind,  that  the  law  may  be  true,  but 
yet,  owing  to  the  geological  record  not 
extending  far  enough  back  in  time,  may 
remain  for  a  long  period,  or  forever, 
Incapable  of  demonstration.  The  law 
will  not  strictly  hold  good  in  those  cases 
in  which  an  ancient  form  became  adapted 
in  its  larval  state  to  some  special  line  of 
life,  and  transmitted  the  same  larval  state 
to  a  whole  group  of  descendants ;  for 
such  larvae  will  not  resemble  any  still 
more  ancient  form  in  its  adult  state. 

752.  Thus,  as  it  seems  to  me,  the  lead- 
ing facts  in  embryology,  which  are  second 
to  none  in  importance,  are  explained  on 
the  principle  of  variations  in  the  many  de- 
scendants from  some  one  ancient  progen- 
itor, having  appeared  at  a  not  very  early 
period  of  life,  and  having  been  inherited 
at  a  corresponding  period.     Embryology 
rises  greatly  in  interest,  when  we  look  at 
the  embryo  as  a  picture,  more  or  less  ob- 
scured, of  the  progenitor,   either   in  its 
adult  or  larval  state,  of  all  the  members 
of  the  same  great  class. 

Rudimentary,  Atrophied,  and  Aborted 
Organs. 

753.  Organs   or  parts  in  this  strange 
condition,  bearing  the  plain  stamp  of  in- 
utility,  are  extremely  common,   or  even 
general  throughout  nature.     It  would  be 
impossible  to  name  one  of  the  higher  ani- 
mals in  which  some  part  or  other  is  not 
in  a  rudimentary  condition.     In  the  mam- 
malia, for  instance,  the  males  possess  ru- 
dimentary mammas ;  in  snakes  one  lobe 
of  the  lungs  is  rudimentary ;  in  birds  the 
"  bastard- wing  "  may  safely  be  considered 
as  a  rudimentary  digit,  and  in  some  spe- 
cies the  whole  wing  is  so  far  rudimentary 
that  it  cannot  be  used  for  flight.     What 
can  be  more  eurious   than  the  presence 
of  teeth  in   foetal   whales,    which  when 
grown  up  have  not  a  tooth  in  their  heads  ; 


or  the  teeth  which  never  cut  through  the 
gums,  in  the  upper  jaws  of  unborn  calves  ? 

754.  Rudimentary  organs   plainly  de- 
clare their  origin  and  meaning  in  various 
ways.     There  are  beetles  belonging  to 
closely  allied  species,  or  even  to  the  same 
identical  species,  which  have  either  full- 
sized   and  perfect  wings,  or  mere   rudi- 
ments  of   membrane,  which   not   rarely 
lie  under  wing-covers  firmly  soldered  to- 
gether ;  and  in  these  cases  it  is  impossi- 
ble to  doubt,  that  the  rudiments  represent 
wings.     Rudimentary  organs  sometimes 
retain  their  potentiality :  this  occasionally 
occurs  with  the  mammae  of  male  mam- 
mals which  have  been  known  to  become 
well  developed  and  to  secrete   milk.     So 
again  in   the  udders  in  the  genus   Bos, 
there  are   normally  four  developed   and 
two  rudimentary  teats ;  but  the  latter  in 
our  domestic   cows  sometimes  become 
well  developed  and  yield  milk.     In  regard 
to  plants  the  petals  are  sometimes  rudi- 
mentary, and  sometimes  well-developed 
in  the   individuals  of  the  same    species. 
In  certain  plants  having  separated  sexes 
Kblreuter  found  that  by  crossing  a  spe- 
cies, in  which  the  male  flowers  included 
a  rudiment  of  a  pistil,  with  an  hermaph- 
rodite  species,  having  of  course  a  well- 
developed  pistil,  the  rudiment  in  the  hy- 
brid offspring  was  much  increased  in  size ; 
and  this  clearly  shows  that  the  rudiment- 
ary and   perfect  pistils   are    essentially 
alike  in  nature.     An  animal  may  possess 
various  parts  in  a  perfect  state,  and  yet 
they  may  in  one  sense  be  rudimentary, 
for  they  are  useless  :  thus  the  tadpole  of 
the  common  Salamander  or  Water-newt, 
as  Mr.  G.  H.  Lewes  remarks,  "  has  gills, 
and  passes  its  existence  in  the  water ;  but 
the  Salamandra  atra,  which  lives  high  up 
among  the   mountains,  brings  forth   its 
young   full-formed.     This  animal  never 
lives  in  the  water.    Yet  if  we  open  a  gravid 
female,  we  find  tadpoles  inside  her  with 
exquisitely    feathered    gills ;  and    when 
placed  in  water  they  swim  about  like  the 
tadpoles  of   the  water-newt.     Obviously 
this  aquatic  organization  has  no  reference 
to  the  future  life  of  the  animal,  nor  has  it 
any  adaptation  to  its  embryonic  condition  ; 
it  has  solely  reference  to  ancestral  adap- 
tations, it  repeats  a  phase  in  the  develop- 
ment of  its  progenitors." 

755.  An  organ,   serving  for  two  pur- 
poses, may  become  rudimentary  or  utterly 
aborted  for  one,  even   the  more  impor- 
tant purpose,  and  remain  perfectly  effi- 
cient for  the  other.     Thus  in  plants,  the 
office  of  the  pistil  is  to  allow  the  pollen- 
tubes  to  reach  the  ovules  within  the  ova* 
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rium.  The  pistil  consists  of  a  stigma 
supported  on  a  style ;  but  in  some  Com- 
positae,  the  male  florets,  which  of  course 
cannot  be  fecundated,  have  a  rudimentary 
pistil,  for  it  is  not  crowned  with  a  stigma  ; 
out  the  style  remains  well  developed 
and  is  clothed  in  the  usual  manner  with 
hairs,  which  serve  to  brush  the  pollen  out 
of  the  surrounding  and  conjoined  anthers. 
Again,  an  organ  may  become  rudimentary 
for  its  proper  purpose,  and  be  used  for  a 
distinct  one  :  in  certain  fishes  the  swim- 
bladder  seems  to  be  rudimentary  for  its 
proper  function  of  giving  buoyancy,  but 
has  become  converted  into  a  nascent 
breathing  organ  or  lung.  Many  similar 
instances  could  be  given. 

756.  Useful  organs,  however  little 
they  may  be  developed,  unless  we  have 
reason  to  suppose  that  they  were  former- 
ly more  highly  developed,  ought  not  to 
be  considered  as  rudimentary.  They  may 
be  in  a  nascent  condition,  and  in  progress 
toward  further  development.  Rudimen- 
tary organs,  on  the  other  hand,  are  either 
quite  useless,  such  as  teeth  which  never 
cut  through  the  gums,  or  almost  useless, 
such  as  the  wings  of  an  ostrich,  which 
serve  merely  as  sails.  As  organs  in  this 
condition  would  formerly,  when  still  less 
developed  have  been  of  even  less  use  than 
at  present,  they  cannot  formerly  have  been 
produced  through  variation  and  natural  se- 
lection, which  acts  solely  by  the  preserva- 
tion of  useful  modifications.  They  have 
been  partially  retained  by  the  power  of  in- 
heritance, and  relate  to  a  former  state  of 
things.  It  is,  however,  often  difficult  to 
distinguish  between  rudimentary  and 
nascent  organs ;  for  we  can  judge  only 
by  analogy  whether  a  part  is  capable 
of  further  development,  in  which  case 
alone  it  deserves  to  be  called  nascent. 
Organs  in  this  condition  will  always  be 
somewhat  rare  ;  for  beings  thus  provided 
will  commonly  have  been  supplanted  by 
their  successors  with  the  same  organ  in  a 
more  perfect  state,  and  consequently  will 
have  become  long  ago  extinct.  The  wing 
of  the  penguin  is  of  high  service,  acting 
as  a  fin  ;  it  may,  therefore,  represent  the 
nascent  state  of  the  wing :  not  that  I  be- 
lieve this  to  be  the  case  ;  it  is  more  prob- 
ably a  reduced  organ,  modified  for  a  new 
function  ;  the  wing  of  the  Apteryx,  on  the 
other  hand,  is  quite  useless,  and  is  truly 
rudimentary.  Owen  considers  the  simple 
filiamentary  limbs  of  the  Lepidosiren  as 
the  "  beginnings  of  organs  which  attain 
full  functional  development  in  higher  ver- 
tebrates ; "  but,  according  to  the  view 
lately  advocated  by  Dr.  Glinther,  they  are 


probably  remnants,  consisting  of  the  per« 
sistent  axis  of  a  fin,  with  the  lateral  rays 
or  branches  aborted.  The  mammary 
Glands  of  the  Ornithorhynchus  may  be 
considered,  in  comparison  with  the  ud- 
ders of  a  cow,  as  in  a  nascent  condition. 
The  ovigerous  frena  of  certain  cirripedes, 
which  have  ceased  to  give  attachment  to 
the  ova  and  are  feebly  developed,  are  nas- 
cent branchiae. 

757.  Rudimentary  organs  in  the  indi- 
viduals of  the  same  species  are  very  lia- 
ble to  vary  in  the  degree  of  their  develop- 
ment and  in  other  respects.     In  closely 
allied  species,  also,  the  extent  to  which 
the  same  organ  has  been  reduced  occa- 
sionally differs  much.     This  latter  fact  is 
well  exemplified  in  the  state  of  the  wings 
of  female  moths  belonging  to  the  same 
family.     Rudimentary  organs  may  be  ut- 
terly aborted;  and  this  implies,  that  in 
certain  animals  or  plants,  parts  are  en- 
tirely absent  which  analogy  would  lead 
us  to  expect  to  find  in  them,  and  which 
are  occasionally  found  in  monstrous  in- 
dividuals.    Thus  in  most  of  the  Scrophu- 
lariaceas    the     fifth    stamen    is    utterly 
aborted ;  yet  we  may  conclude  that  a  fifth 
stamen  once  existed,  for  a  rudiment  of  it 
is  found  in  many  species  of  the  family, 
and  this  rudiment  occasionally  becomes 
perfectly  developed,  as  may  sometimes  be 
seen  in  the   common   snap-dragon.     In 
tracing  the  homologies  of  any  part  in  dif- 
ferent members  of  the  same  class,  noth- 
ing is  more  common,  or,  in  order  fully  to 
understand   the   relations  of   the   parts, 
more  useful  than  the  discovery  of  rudi- 
ments.    This  is  well  shown  in  the  draw- 
ings given  by  Owen  of  the  leg-bones  ot 
the  horse,  ox,  and  rhinoceros. 

758.  It  is  an  important  fact  that  rudi- 
mentary organs,  such  as  teeth  in  the  up 
per  jaws  of  whales  and  ruminants,  can 
often  be  detected  in  the  embryo,  but  after- 
ward wholly  disappear.     It  is  also,  I  be- 
lieve, a  universal  rule,  that  a  rudimentary 
part  is  of  greater  size  in  the  embryo  rela- 
tively to  the  adjoining  parts,  than  in  the 
adult ;  so  that  the  organ  at  this  early  age 
is  less  rudimentary,  or  even  cannot  be 
said  to  be   in  any  degree   rudimentary. 
Hence  rudimentary  organs  in  the  adult 
are  often  said  to  have  retained  their  em- 
bryonic condition. 

759.  I  have  now  given  the  leading  facts 
with  respect  to  rudimentary  organs.    In 
reflecting  on  them,  every  one  must  be 
struck  with  astonishment;  for  the  same 
reasoning  power  which  tells  us  that  most 
parts  and  organs  are  exquisitely  adapted 
for  certain  purposes,  tells  us  with  equal 
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plainness  that  these  rudimentary  or  atro- 
phied organs  are  imperfect  and  useless. 
In  works  on  natural  history,  rudimentary 
organs  are  generally  said  to  have  been 
created  "  for  the  sake  of  symmetry,"  or 
in  order  "  to  complete  the  scheme  of  na- 
ture." But  this  is  not  an  explanation, 
merely  a  re-statement  of  the  fact.  Nor 
is  it  consistent  with  itself :  thus  the  boa- 
constrictor  has  rudiments  of  hind-iimbs 
and  of  a  pelvis,  and  if  it  be  said  that  these 
bones  have  been  retained  "  to  complete 
the  scheme  of  nature,"  why,  as  Professor 
Weismann  asks,  have  they  not  been  re- 
tained by  other  snakes,  which  do  not 
possess  even  a  vestige  of  these  same 
bones?  What  would  be  thought  of  an 
astronomer  who  maintained  that  the  sat- 
ellites revolve  in  elliptic  courses  round 
their  planets  "  for  the  sake  of  symmetry," 
because  the  planets  thus  revolve  round 
the  sun?  An  eminent  physiologist  ac- 
counts for  the  presence  of  rudimentary 
organs,  by  supposing  that  they  serve  to 
excrete  matter  in  excess,  or  matter  inju- 
rious to  the  system  ;  but  can  we  suppose 
that  the  minute  papilla,  which  often  rep- 
resents the  pistil  in  male  flowers,  and 
which  is  formed  of  mere  cellular  tissue, 
can  thus  act  ?  Can  we  suppose  that  ru- 
dimentary teeth,  which  are  subsequently 
absorbed,  are  beneficial  to  the  rapidly 
growing  embryonic  calf  by  removing 
matter  so  precious  as  phosphate  of  lime  ? 
When  a  man's  fingers  have  been  ampu- 
tated,  imperfect  nails  have  been  known 
to  appear  on  the  stumps,  and  I  could  as 
soon  believe  that  these  vestiges  of  nails 
are  developed  in  order  to  excrete  horny 
matter,  as  that  the  rudimentary  nails  on 
the  fin  of  the  manatee  have  been  devel- 
oped for  this  same  purpose. 

760.  On  the  view  of  descent  with  mod- 
ification, the  origin  of  rudimentary  or- 
gans is  comparatively  simple;  and  we 
can  understand  to  a  large  extent  the  laws 
governing  their  imperfect  development. 
We  have  plenty  of  cases  of  rudimentary 
organs  in  our  domestic  productions, — as 
the  stump  of  a  tail  in  tailless  breeds, — the 
vestige  of  an  ear  in  earless  breeds  of 
sheep, — the  reappearance  of  minute 
dangling  horns  in  hornless  breeds  of  cat- 
tle, more  especially,  according  to  Youatt, 
in  young  animals, — and  the  state  of  the 
whole  flower  in  the  cauliflower.  We 
often  see  rudiments  of  various  parts  in 
monsters ;  but  I  doubt  whether  any  of 
these  cases  throw  light  on  the  origin  of 
rudimentary  organs  in  a  state  of  nature, 
further  than,  by  showing  that  rudiments 
can  be  produced  ;  for  the  balance  of  evi- 


dence clearly  indicates  that  species  under 
nature  do  not  undergo  great  and  abrupt 
changes.  But  we  learn  from  the  study 
of  our  domestic  productions  that  the  dis- 
use of  parts  leads  to  their  reduced  size ; 
and  that  the  result  is  inherited. 

761.  It  appears  probable  that  disuse 
has  been  the  main  agent  in  rendering  or- 
gans rudimentary.     It  would  at  first  lead 
by  slow  steps  to  the  more  and  more  com- 
plete reduction  of  a  part,  until  at  last  it 
became  rudimentary, — as  in  the  case  of 
the  eyes  of  animals  inhabiting  dark  cav- 
erns, and  of  the  wings  of  birds  inhabiting 
oceanic  islands,  which  have  seldom  been 
forced  by  beasts  of  prey  to  take  flight, 
and  have  ultimately  lost  the  power  of  fly- 
ing.    Again,  an  organ,  useful  under  cer- 
tain conditions,  might  become  injurious 
under  others,  as  with  the  wings  of  beetles 
living    on    small  and   exposed   islands ; 
and   in   this  case   natural  selection  will 
have  aided  in  reducing  the  organ,  until 
it  was  rendered  harmless  and  rudimen- 
tary. 

762.  Any  change    in    structure    and 
function,  which  can  be  effected  by  small 
stages,  is  within  the  power  of  natural  se- 
lection ;    so    that    an    organ    rendered, 
through  changed  habits  of  life,  useless  or 
injurious  for  one  purpose,  might  be  mod- 
ified and  used  for  another  purpose.     An 
organ  might,  also,  be  retained  for  one 
alone  of  its  former  functions.     Organs, 
originally  formed  by  the  aid  of  natural 
selection,   when    rendered    useless   may 
well  be  variable,  for  their  variations  can 
no  longer  be  checked  by  natural  selection. 
All  this  agrees  well  with  what  we  see  un- 
der nature.    Moreover,  at  whatever  period 
of  life  either  disuse  or  selection  reduces  an 
organ,  and  this  will  generally  be  when 
the  being  has  come  to  maturity  and  has 
to  exert  its   full   powers  of  action,  the 
principle  of  inheritance  at  corresponding 
ages  will  tend  to  reproduce  the  organ  in 
its  reduced  state  at  the  same  mature  age, 
but  will  seldom  affect  it  in  the  embryo. 
Thus  we  can  understand  the  greater  size 
of  rudimentary  organs  in  the  embryo  rel- 
atively to  the  adjoining  parts,  and  their 
lesser  relative  size  in  the  adult.     If,  for 
instance,  the  digit  of  an  adult  animal  was 
used  less  and  less  during  many  genera- 
tions, owing  to  some  change  of  habits,  or 
if  an  organ  or  gland  was  less  and  less 
functionally  exercised,  we  may  infer  that 
it  would  become  reduced  in  size  in  the 
adult  descendants  of  this   animal,  but 
would  retain  nearly  its  original  standard 
of  development  in  the  embryo. 

763.  There  remains,  however,  this  dif- 
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ficulty.  After  an  organ  has  ceased  being 
used,  and  has  become  in  consequence 
much  reduced,  how  can  it  be  still  further 
reduced  in  size  until  the  merest  vestige  is 
left ;  and  how  can  it  be  finally  quite  ob- 
literated ?  It  is  scarcely  possible  that 
disuse  can  go  on  producing  any  further 
effect  after  the  organ  has  once  been  ren- 
dered functionless.  Some  additional  ex- 
planation is  here  requisite  which  I  cannot 
give.  If,  for  instance,  it  could  be  proved 
that  every  part  of  the  organization  tends 
to  vary  in  a  greater  degree  toward  dimi- 
nution than  toward  augmentation  of  size, 
then  we  should  be  able  to  understand 
how  an  organ  which  has  become  useless 
would  be  rendered,  independently  of  the 
effects  of  disuse,  rudimentary  and  would 
at  last  be  wholly  suppressed ;  for  the  va- 
riations toward  diminished  size  would  no 
longer  be  checked  by  natural  selection. 
The  principle  of  the  economy  of  growth, 
explained  in  a  former  chapter,  by  which 
the  materials  forming  any  part,  if  not 
useful  to  the  possessor,  are  saved  as  far 
as  is  possible,  will  perhaps  come  into 
play  in  rendering  a  useless  part  rudiment- 
ary. But  this  principle  will  almost  nec- 
essarily be  confined  to  the  earlier  stages 
of  the  process  of  reduction  ;  for  we  can- 
not suppose  that  a  minute  papilla,  for  in- 
stance, representing  in  a  male  flower  the 
pistil  of  the  female  flower,  and  formed 
merely  of  cellular  tissue,  could  be  further 
reduced  or  absorbed  for  the  sake  of  econ- 
omizing nutriment. 

764.  Finally,  as  rudimentary  organs,  by 
whatever  steps  they  may  have  been  de- 
graded into  their  present  useless  condi- 
tion, are  the  record  of  a  former  state  of 
things,  and  have  been  retained  solely 
through  the  power  of  inheritance, — we 
can  understand,  on  the  genealogical  view 
of  classification,  how  it  is  that  systema- 
tists,  in  placing  organisms  in  their  proper 
places  in  the  natural  system,  have  often 
found  rudimentary  parts  as  useful  as,  or 
even  sometimes  more  useful  than,  parts 
of  high  physiological  importance.  Rudi- 
mentary organs  may  be  compared  with 
the  letters  in  a  word,  still  retained  in  the 
spelling,  but  become  useless  in  the  pro- 
nunciation, but  which  serve  as  a  clue  for 
its  derivation.  On  the  view  of  descent 
with  modification,  we  may  conclude  that 
the  existence  of  organs  in  a  rudimentary, 
imperfect,  and  useless  condition,  or  quite 
aborted,  far  frcm  presenting  a  strange 
difficulty,  as  they  assuredly  do  on  the 
old  doctrine  of  creation,  might  even  have 
been  anticipated  in  accordance  with  the 
views  here  explained. 


Summary. 

765.  In  this  chapter  I  have  attempted 
to  show,  that  the  arrangement  of  all  or- 
ganic   beings    throughout    all    time    in 
groups  under  groups — that  the  nature  of 
the  relationships  by  which  all  living  and 
extinct  organisms  are  united  by  complex, 
radiating,  and  circuitous  lines  of  affinities 
into  a  few  grand  classes, — the  rules  fol- 
lowed and  the  difficulties  encountered  by 
naturalists    in  'heir  classifications, — the 
value  set  upon  characters,  if  constant  and 
prevalent,  whether  of  high  or  of  the  most 
trifling  importance,  or,  as  with  rudimen- 
tary organs,  of  no  importance, — the  wide 
opposition  in  value  between  analogical  or 
adaptive    characters,   and   characters   of 
true  affinity ;  and  other  such  rules  ; — all 
naturally  follow  if  we  admit  the  common 
parentage  of  allied  forms,  together  with 
their  modification  through  variation  and 
natural  selection  with  the  contingencies 
of  extinction  and  divergence  of  character. 
In  considering  this  view  of  classification, 
it  should  be  borne  in  mind  that  the  ele- 
ment of  descent  has  been  universally  used 
in  ranking  together  the  sexes,  ages,  di- 
morphic forms,  and  acknowledged  varie- 
ties of  the  same  species,  however  much 
they  may  differ  from  each  other  in  struct- » 
ure.     If  we  extend    the  use  of  this  ele-' 
ment     of    descent, — the    one    certainly 
known  cause  of  similarity  in  organic  be- 
'ings, — we  shall  understand  what  is  meant 
by  the  Natural  System  :  it  is  genealogical 
in  its  attempted   arrangement,  with  the 
grades  of  acquired  difference  marked  by 
the  terms,  varieties,  species,  genera,  fam- 
ilies, orders,  and  classes. 

766.  On  this  same  view  of  descent  with 
modification,  most  of  the  great  facts  in 
Morphology  become  intelligible, — wheth- 
er we  look  to  the  same  pattern  displayed 
by  the  different  species  of  the  same  class 
in  their  homologous  organs,  to  whatever 
purpose  applied  ;  or  to  the  serial  and  lat- 
eral homologies  in  each  individual  animal 
and  plant. 

767.  On  the  principle  of  successive  slight 
variations,  not  necessarily  or  generally  su- 
pervening at  a  very  early  period  of  life,  and 
being  inherited  at  a  corresponding  period, 
we  can  understand  the  leading  facts  in 
Embryology;  namely,   the  close  resem- 
blance in  the  individual   embryo  of  the 
parts  which  are  homologous,  and  which 
when  matured  become  widely  different  in. 
structure  and   function;  and  the   resem- 
blance of  the  homologous  parts  or  organs 
in  allied  though  distinct  species,  though 
fitted  in  the  adult  state  for  habits  as  dif- 
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Jerent  as  is  possible.  Larvae  are  active 
embryos,  which  have  been  specially  mod- 
ified in  a  greater  or  less  degree  in  relation 
to  their  habits  of  life,  with  their  modifica- 
tions inherited  at  a  corresponding  early 
age.  On  these  same  principles, — and 
bearing  in  mind,  that  when  organs  are  re- 
duced in  size,  either  from  disuse  or 
through  natural  selection,  it  will  generally 
be  at  that  period  of  life  when  the  being 
has  to  provide  for  its  own  wants,  and 
bearing  in  mind  how  strong  is  the  force 
of  inheritance — the  occurrence  of  rudi- 
mentary organs  might  even  have  been 
anticipated.  The  importance  of  embryo- 
logical  characters  and  of  rudimentary  or- 
gans in  classification  is  intelligible,  on  the 
view  that  a  natural  arrangement  must  be 
genealogical. 

768.  Finally,  the  several  classes  of  facts 
which  have  been  considered  in  this  chap- 
ter, seem  to  me  to  proclaim  so  plainly, 
that  the  innumerable  species,  genera  and 
families,  with  which  this  world  is  peopled, 
are  all  descended,  each  within  its  own 
class  or  group,  from  common  parents,  and 
have  all  been  modified  in  the  course  of 
descent,  that  I  should  without  hesitation 
adopt  this  view,  even  if  it  were  unsup- 
ported by  other  facts  or  arguments. 


CHAPTER  XV. 

RECAPITULATION  AND  CONCLUSION. 

Recapitulation  of  the  objections  to  the  theory  of 
Natural  Selection — Recapitulation  of  the  gen- 
eral and  special  circumstances  in  its  favor — 
Causes  of  the  general  belief  in  the  immutability 
of  species — How  far  the  theory  of  Natural  Se- 
lection may  be  extended — Effects  of  its  adop- 
tion on  the  study  of  Natural  History — Conclud- 
ing remarks. 

769.  As  this  whole  volume  is  one  long 
argument,  it  may  be  convenient   to  the 
reader  to  have  the  leading  facts  and  in- 
ferences briefly  recapitulated. 

770.  That  many  and  serious  objections 
may  be  advanced  against  the   theory  of 
descent  with  modification  through  varia- 
tion and  natural  selection,  I  do  not  deny. 
I  have  endeavored  to  give  to  them  their 
full  force.     Nothing  at  first  can  appear 
more  difficult  to  believe  than  that  the  more 
complex  organs  and  instincts  have  been 
perfected,   not    by  means    superior    to, 
though   analogous  with,  human  reason, 
but  by  the  accumulation  of  innumerable 
slight  variations,  each  good  for  the  indi- 
vidual possessor.     Nevertheless,  this  dif- 
ficulty, though  appearing  to  our  imagina- 
tion insuperably  great,  cannot  be  consid- 
ered real  if  we  admit  the  following  propo- 


sitions, namely,  that  all  parts  of  the  or- 
ganization and  instincts  offer,  at  least,  in- 
dividual differences — that  there  is  a  strug- 
gle for  existence  leading  to  the  preserva- 
tion of  profitable  deviations  of  structure 
or  instinct — and,  lastly,  that  gradations 
in  the  state  of  perfection  of  each  organ 
may  have  existed,  each  good  of  its  kind. 
The  truth  of  these  propositions  cannot,  I 
think,  be  disputed. 

771.  It  is.no  doubt,  extremely  difficult 
even  to  conjecture  by  what  gradations 
many  structures    have    been    perfected, 
more  especially  among  broken  and  fail- 
ing groups  of  organic  beings,  which  have 
suffered  much  extinction ;  but  we  see  so 
many  strange  gradations  in  nature,  that 
we  ought  to  be  extremely  cautious  in  say- 
ing that  any  organ  or  instinct,  or  any 
whole  structure,  could  not  have  arrived 
at  its  present  state  by  many  graduated 
steps.     There  are,  it  must  be  admitted, 
cases  of  special  difficulty  opposed  to  the 
theory  of  natural  selection :  and   one  of 
the  most  curious  of  these  is  the  existence 
in  the  same  community  of  two  or  three 
defined  castes  of  workers  or  sterile  female 
ants  ;  but  I  have  attempted  to  show  how 
these  difficulties  can  be  mastered. 

772.  With  respect  to  the  almost  univer- 
sal sterility  of  species  when  first  crossed, 
which  forms  so  remarkable   a  contrast 
with  the  almost  universal  fertility  of  va- 
rieties when  crossed,  I   must  refer  the 
reader  to  the  recapitulation  of  the  facts 
given  at  the  end  of  the  ninth  chapter, 
which  seem  to  me  conclusively  to  show 
that  this  sterility  is  no  more  a  special  en- 
dowment than  is  the  incapacity  of  two 
distinct  kinds  of  trees  to  be  grafted  to- 
gether ;  but  that  it  is  incidental  on  differ- 
ences confined  to  the  reproductive  sys- 
tems of  the  intercrossed    species.     We 
see  the  truth  of  this  conclusion  in  the  vast 
difference  in  the  results  of  crossing  the 
same  two  species   reciprocally, — that  is, 
when  one  species  is  first  used  as  the  father 
and  then  as  the  mother.    Analogy  from 
the  consideration  of  dimorphic  and  tri- 
morphic  plants  clearly  leads  to  the  same 
conclusion,  for  when  the  forms  are  illegit- 
imately united,  they  yield  few  or  no  seed, 
and  their  offspring  are  more  or  less  sterile ; 
and  these  forms  belong  to  the  same  un- 
doubted species,  and  differ  from  each 
other  in  no  respect  except  in  their  repro- 
ductive organs  and  functions. 

773.  Although  the  fertility  of  varieties 
when  intercrossed  and  of  their  mongrel 
offspring  has  been  asserted  by  so  many 
authors  to  be  universal,  this  cannot  be 
considered  as  quite  correct  after  the  facts 
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given  ou  the  high  authority  of  Gartner  and 
Kolreuter.  Most  of  the  varieties  which 
have  been  experimented  on  have  been  pro- 
duced under  domestication :  and  as  do- 
mestication (I  do  not  mean  mere  con- 
jinement)  almost  certainly  tends  to  elimi- 
nate that  sterility  which,  judging  from 
analogy,  would  have  affected  the  parent- 
species  if  intercrossed,  we  ought  not  to 
-xpect  that  domestication  would  likewise 
induce  sterility  in  their  modified  descend- 
ants when  crossed.  This  elimination  of 
sterility  apparently  follows  from  the  same 
cause  which  allows  our  domestic  animals 
to  breed  freely  under  diversified  circum- 
stances ;  and  this  again  apparently  follows 
from  their  having  been  gradually  accus- 
tomed to  frequent  changes  in  their  condi- 
tions of  life. 

774.  A  double  and  parallel  series  of 
facts  seems  to  throw  much  light  on  the 
sterility  of  species,  when  first  crossed,  and 
of  their  hybrid  offspring.  On  the  one  side, 
there  is  good  reason  to  believe  that  slight 
changes  in  the  conditions  of  life  give 
vigor  and  fertility  to  all  organic  beings. 
We  know  also  that  a  cross  between  the 
distinct  individuals  of  the  same  variety, 
and  between  distinct  varieties,  increases 
the  number  of  their  offspring,  and  cer- 
tainly gives  to  them  increased  size  and 
vigor.  This  is  chiefly  owing  to  the  forms 
which  are  crossed  having  been  exposed  to 
somewhat  different  conditions  of  life  ;  for 
I  have  ascertained  by  a  laborious  series 
of  experiments  that  if  all  the  individuals 
of  the  same  variety  be  subjected  during 
several  generations  to  the  same  conditions, 
the  good  derived  from  crossing  is  often 
much  diminished  or  wholly  disappears. 
This  is  one  side  of  the  case.  On  the 
other  side,  we  know  that  species  which 
have  long  been  exposed  to  nearly  uniform 
conditions,  when  they  are  subjected  under 
confinement  to  new  and  greatly  changed 
conditions,  either  perish,  or  if  they  sur- 
vive, are  rendered  sterile,  though  retain- 
ing perfect  health.  This  does  not  occur, 
or  only  in  a  very  slight  degree,  with  our 
domesticated  productions,  which  have 
long  been  exposed  to  fluctuating  condi- 
tions. Hence,  when  we  find  that  hybrids 
produced  by  a  cross  between  two  distinct 
species  are  few  in  number,  owing  to  their 
perishing  soon  after  conception  or  at  a 
v'ery  early  age,  or  if  surviving  that  they 
are  rendered  more  or  less  sterile,  it  seems 
highly  probable  that  this  result  is  due  to 
their  having  been  in  fact  subjected  to  a 
great  change  in  their  conditions  of  life 
from  being  compounded  of  two  distinct 


organizations,    He  who  will  explain  in  a 


definite  manner  why,  for  instance,  an  ele- 
ahant  or  a  fox  will  not  breed  under  con- 
finement in  its  native  country,  while  the 
domestic  pig  or  dog  will  breed  freely  under 
the  most  diversified  conditions,  will  at  the 
same  time  be  able  to  give  a  definite  an- 
swer to  the  question  why  two  distinct  spe- 
cies, when  crossed,  as  well  as  their  hybrid 
offspring,  are  generally  rendered  more  or 
less  sterile,  while  two  domesticated  varie- 
ties when  crossed  and  their  mongrel  off- 
spring are  perfectly  fertile. 

775.  Turning  to  geographical  distribu- 
tion, the  difficulties  encountered  on  the 
theory  of  descent  with  modification  are 
serious  enough.  All  the  individuals  ot 
the  same  species,  and  all  the  species  of 
the  same  genus,  or  even  higher  group,  are 
descended  from  common  parents ;  and 
therefore,  in  however  distant  and  isolated 
parts  of  the  world  they  may  now  be 
found,  they  must  in  the  course  of  succes- 
sive generations  have  traveled  from  some 
one  point  to  all  the  others.  We  are  often 
wholly  unable  even  to  conjecture  how 
this  could  have  been  effected.  Yet,  as  we 
have  reason  to  believe  that  some  species 
have  retained  the  same  specific  form  for 
very  long  periods  of  time,  immensely  long 
as  measured  by  years,  too  much  stress 
ought  not  to  be  laid  on  the  occasional  wide 
diffusion  of  the  same  species ;  for  during 
very  long  periods  there  will  always  have 
been  a  good  chance  for  wide  migration  by 
many  means.  A  broken  or  interrupted 
range  may  often  be  accounted  for  by  the 
extinction  of  the  species  in  the  intermedi- 
ate regions.  It  cannot  be  denied  that  we 
are  as  yet  very  ignorant  as  to  the  full  ex- 
tent of  the  various  climatal  and  geograph- 
ical changes  which  have  affected  the  earth 
during  modern  periods  ;  and  such  changes 
will  often  have  facilitated  migration.  As 
an  example,  I  have  attempted  to  show 
how  potent  has  been  the  influence  of  the 
Glacial  period  on  the  distribution  of  the 
same  and  of  allied  species  throughout  the 
world.  We  are  as  yet  profoundly  igno- 
rant of  the  many  occasional  means  of 
transport.  With  respect  to  distinct  spe- 
cies of  the  same  genus  inhabiting  distant 
and  isolated  regions,  as  the  process  of 
modification  has  necessarily  been  slow, 
all  the  means  of  migration  will  have  been 
possible  during  a  very  long  period  ;  and 
consequently  the  difficulty  of  the  wide 
diffusion  of  the  species  of  the  same  genus 
is  in  some  degree  lessened. 

776.  As  according  to  the  theory  of 
natural  selection  an  interminable  num- 
ber of  intermediate  forms  must  have  ex- 
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each  group  by  gradations  as  fine  as  are 
our  existing  varieties,  it  may  be  asked, 
Why  do  we  not  see  these  linking  forms 
all  around  us  ?  Why  are  not  all  organic 
beings  blended  together  in  an  inextrica- 
ble chaos?  With  respect  to  existing 
forms  tve  should  remember  that  we 
havf  jo  right  to  expect  (excepting  in  rare 
cases)  to  discover  directly  connecting 
links  between  them,  but  only  between 
each  and  some  extinct  and  supplanted 
form.  Even  on  a  wide  area,  which  has 
during  a  long  period  remained  continu- 
ous, and  of  which  the  climatic  and  other 
conditions  of  life  change  insensibly  in 
proceeding  from  a  district  occupied  by 
one  species  into  another  district  occu- 
pied by  a  closely  allied  species,  we  have 
no  just  right  to  expect  often  to  find  in- 
termediate varieties  in  the  intermediate 
zones.  For  we  have  reason  to  believe 
that  only  a  few  species  of  a  genus  ever 
undergo  change ;  the  other  species  be- 
coming utterly  extinct  and  leaving  no 
modified  progeny.  Of  the  species  which 
do  change,  only  a  few  within  the  same 
country  change  at  the  same  time ;  and 
all  modifications  are  slowly  effected.  I 
have  also  shown  that  the  intermediate 
varieties  which  probably  at  first  existed 
in  the  intermediate  zones,  would  be  lia- 
ble to  be  supplanted  by  the  allied  forms 
on  either  hand;  for  the  latter,  from  ex- 
isting in  greater  numbers,  would  gen- 
erally be  modified  and  improved  at  a 
quicker  rate  than  the  intermediate  varie- 
ties, which  existed  in  lesser  numbers ;  so 
that  the  intermediate  varieties  would,  in 
the  long  run,  be  supplanted  and  exter- 
minated. 

777.  On  this  doctrine  cf  the  extermina- 
tion of  an  infinitude  of  connecting  links, 
between  the  living  and  extinct  inhabit- 
ants of  the  world,  and  at  each  successive 
period  between  the  extinct  and  still  older 
species,  why  is  not  ewry  geological  for- 
mation charged  with  such  links?  Why 
does  not  every  collection  of  fossil  re- 
mains afford  plain  evidence  of  the  grada- 
tion and  mutation  of  the  forms  of  life  ? 
Although  geological  research  has  un- 
doubtedly revealed  the  former  existence 
of  many  links,  bringing  numerous  forms 
of  life  much  closer  together,  it  does  not 
yield  the  infinitely  many  fine  gradations 
between  past  and  present  species  re- 
quired on  the  theory;  and  this  is  the 
most  obvious  of  the  many  objections 
which  may  be  urged  against  it.  Why, 
again,  do  whole  groups  of  allied  species 
appear,  though  this  appearance  is  often 
false,  to  have  come  in  suddenlv  on  the 
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successive  geological  stages  ?  Although 
we  now  know  that  organic  beings  ap- 
peared on  this  globe,  at  a  period  incalcu- 
lably remote,  long  before  the  lowest  bed 
of  the  Cambrian  system  was  deposited, 
why  do  we  not  find  beneath  this  system 
great  piles  of  strata  stored  with  the  re- 
mains of  the  progenitors  of  the  Cambrian 
fossils  ?  For  on  the  theory,  such  strata 
must  somewhere  have  been  deposited  at 
these  ancient  and  utterly  unknown  ep- 
ochs of  the  world's  history. 

778.  I  can  answer  these  questions  and 
objections  only  on  the  supposition  that 
the  geological  record  is  far  more  imper- 
fect than  most  geologists  believe.  The 
number  of  specimens  in  all  our  museums 
is  absolutely  as  nothing  compared  with 
the  countless  generations  of  countless 
species  which  have  certainly  existed. 
The  parent-form  of  any  two  or  more 
species  would  not  be  in  all  its  characters 
directly  intermediate  between  its  modified 
offspring,  any  more  than  the  rock-pigeon 
is  directly  intermediate  in  crop  and  tail 
between  its  descendants,  the  pouter  and 
fantail  pigeons.  We  should  not  be  able 
to  recognize  a  species  as  the  parent  of 
another  and  modified  species,  if  we  were 
to  examine  the  two  ever  so  closely,  un- 
less we  possessed  most  of  the  intermedi- 
ate links  ;  and  owing  to  the  imperfection 
of  the  geological  record,  we  have  no  just 
right  to  expect  to  find  so  many  links.  If 
two  or  three,  or  even  more  linking  forms 
were  discovered,  they  would  simply  be 
ranked  by  many  naturalists  as  so  many 
new  species,  more  especially  if  found  in 
different  geological  sub-stages,  let  their 
differences  be  ever  so  slight.  Numerous 
existing  doubtful  forms  could  be  named 
which  are  probably  varieties ;  but  who 
will  pretend  that  in  future  ages  so  many 
fossil  links  will  be  discovered,  that  natu- 
ralists will  be  able  to  decide  whether  or 
not  these  doubtful  forms  ought  to  be 
called  varieties?  Only  a  small  portion 
of  the  world  has  been  geologically  ex- 
plored. Only  organic  beings  of  certain 
classes  can  be  preserved  in  a  fossil  con- 
dition, at  least  in  any  great  number. 
Many  species  when  once  formed  never 
undergo  any  further  change  but  become 
extinct  without  leaving  modified  de- 
scendants ;  and  the  periods,  during  which 
species  have  undergone  modification, 
though  long  as  measured  by  years,  have 
probably  been  short  in  comparison  with 
the  periods  during  which  they  retained 
the  same  form.  It  is  the  dominant  an  •:! 
widely  ranging  species  which  vary  moct 
frequently  and  vary  most,  and  varietu., 
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are  often  at  first  local— both  causes  ren- 
dering the  discovery  of  intermediate  links 
in  any  one  formation  less  likely.  Local 
varieties  will  not  spread  into  other  and 
distant  regions  until  they  are  considera- 
bly modified  and  improved;  and  when 
they  have  spread,  and  are  discovered  in  a 
geological  formation,  they  appear  as  if 
suddenly  created  there,  and  will  be  simply 
classed  as  new  species.  Most  forma- 
tions have  been  intermittent  in  their  ac- 
cumulation ;  and  their  duration  has  prob- 
ably been  snorter  than  the  average  dura- 
tion of  specific  forms.  Successive  forma- 
tions are  in  most  cases  separated  from 
each  other  by  blank  intervals  of  time  of 
great  length ;  for  fossiliferous  formations 
thick  enough  to  resist  future  degradation 
can  as  a  general  rule  be  accumulated 
only  where  much  sediment  is  deposited 
on  the  subsiding  bed  of  the  sea.  During 
the  alternate  periods  of  elevation  and  of 
stationary  level  the  record  will  generally 
be  blank.  During  these  latter  periods 
there  will  probably  be  more  variability  in 
the  forms  of  life ;  during  periods  of  sub- 
sidence, more  extinction. 

779.  With  respect  to  the  absence  of 
strata  rich  in  fossils  beneath  the  Cam- 
brian formation,  I  can  recur  only  to  the 
hypothesis  given  in  the  tenth  chapter ; 
namely,  that  though  our  continents  and 
oceans  have  endured  for  an  enormous 
period  in  nearly  their  present  relative  po- 
sitions, we  have  no  reason  to  assume 
that  this  has  always  been  the  case ;  con- 
sequently formations  much  older    than 
any  now  known  may  lie  buried  beneath 
the  great  oceans.    With  respect  to  the 
lapse  of  time  not  having  been  sufficient 
since  our  planet  was  consolidated  for  the 
assumed  amount  of  organic  change,  and 
this  objection,  as  urged  by  Sir  William 
Thompson,  is  probably  one  of  the  gravest 
as  yet  advanced,  I  can  only  say,  firstly, 
that  we  do  not  know  at  what  rate  species 
change     as     measured    by    years,    and 
secondly,  that  many  philosophers  are  not 
as  yet  willing  to  admit  that  we  know 
enough  of  the  constitution  of  the  universe 
and  of  the  interior  of  our  globe  to  specu- 
late with  safety  on  its  past  duration. 

780.  That    the    geological    record    is 
imperfect  all  will  admit ;  but  that  it  is  im- 
perfect to   the   degree  required  by  our 
theory,  few  will  be  inclined  to  admit. 
If  we  look  to  long  enough  intervals  of 
time,  geology  plainly  declares  that  species 
have  all  changed  ;  and  they  have  changed 
in  the  manner  required  by  the  theory,  for 
they  have  changed  slowly  and  in  a  gradu- 
ated manner.    We  clearly  see  this  in  the 
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fossil  remains  from  consecutive  forma- 
tions invariably  being  much  more  closely 
related  to  each  other,  than  are  the  fossils 
from  widely  separated  formations. 

781.  Such  is  the   sum  of  the  several 
chief    objections    and  difficulties  which 
may  be  justly  urged  against  the  theory ; 
and  I  have  now  briefly  recapitulated  the 
answers  and  explanations  which,  as  far 
as  I  can  see,  may  be  given.     I  have  felt 
these  difficulties  far  too  heavily  during 
many  years  to  doubt  their  weight.     But 
it  deserves  especial  notice  that  the  more 
important  objections  relate  to  questions 
on  which  we  are  confessedly  ignorant; 
nor  do  we  know  how  ignorant  we  are. 
We  do  not  know  all  the  possible  transi- 
tional gradations  between   the  simplest 
and  the  most  perfect  organs ;  it  cannot 
be  pretended  that  we  know  all  the  varied 
means  of  Distribution  during  the  long 
lapse  of  years,  or  that  we  know  how  im- 
perfect is  the  Geological  Record.     Seri- 
ous as  these  several  objections  are,  in  my 
judgment  they  are  by  no  means  sufficient 
to  overthrow  the  theory  of  descent  with 
subsequent  modification. 

782.  Now  let  us  turn  to  the  other  side 
of  the  argument.     Under  domestication 
we  see   much  variability,  caused,  or  at 
least  excited,  by  changed  conditions  of 
life ;  but  often  in  so  obscure  a  manner, 
that  we  are  tempted  to  consider  the  vari- 
ations   as    spontaneous.     Variability  is 
governed  by  many  complex    laws, — by 
correlated  growth,  compensation,  the  in- 
creased use  and  disuse  of  parts,  and  the 
definite  action  of  the  surrounding  condi- 
tions.    There  is  much  difficulty  in  ascer- 
taining how  largely  our  domestic  produc- 
tions have  been  modified ;  but  we  may 
safely  infer  that  the  amount  has  been 
large,  and  that  modifications  can  be  in- 
herited for  long  periods.     As  long  as  the 
conditions  of  life  remain  the  same,  we 
have  reason  to  believe  that  a  modifica- 
tion, which  has  already  been  inherited 
for  many  generations,  may  continue  to 
be  inherited  for  an  almost  infinite  number 
of  generations,     On  the  other  hand,  we 
have  evidence   that  variability  when   it 
has  once  come  into  play,  does  not  cease 
under  domestication  for  a  very  long  pe- 
riod ;  nor  do  we  know  that  it  ever  ceases, 
for  new  varieties  are   still  occasionally 
produced    by    our    oldest    domesticated 
productions. 

783.  Variability  is  not  actually  caused 
by  man  ;  he  only  unintentionally  exposes 
organic  beings  to  new  conditions  of  life, 
and  then  nature  acts  on  the  organization 
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and  causes  it  to  vary.  But  man  can  and 
does  select  the  variations  given  to  him  by 
nature,  and  thus  accumulates  them  in 
any  desired  manner.  He  thus  adapts 
animals  and  plants  for  his  own  benefit  or 
pleasure.  He  may  do  this  methodically, 
or  he  may  do  it  unconsciously  by  preserv- 
ing the  individuals  most  useful  or  pleas- 
ing to  him  without  any  intention  of  alter- 
ing the  breed.  It  is  certain  that  he  can 
largely  influence  the  character  of  a  breed 
by  selecting,  in  each  successive  genera- 
tion, individual  differences  so  slight  as  to 
be  inappreciable  except  by  an  educated 
eye.  This  unconscious  process  of  selec- 
tion has  been  the  great  agency  in  the  for- 
mation of  the  most  distinct  and  useful 
domestic  breeds.  That  many  breeds 
produced  by  man  have  to  a  large  extent 
the  character  of  natural  species,  is  shown 
by  the  inextricable  doubts  whether  many 
of  them  are  varieties  of  aboriginally  dis- 
tinct species. 

784.*  There  is  no  reason  why  the  prin- 
ciples which  have  acted  so  efficiently  un- 
der domestication  should  not  have  acted 
under  nature.  In  the  survival  of  favored 
individuals  and  races,  during  the  con- 
stantly-recurrent Struggle  for  Existence, 
we  see  a  powerful  and  ever-acting  form 
of  Selection.  The  struggle  for  existence 
inevitably  follows  from  the  high  geomet- 
rical ratio  of  increase  which  is  common  to 
all  organic  beings.  This  high  rate  of  in- 
crease is  proved  by  calculation,— by  the 
rapid  increase  of  many  animals  and 
plants  during  a  succession  of  peculiar 
seasons,  and  when  naturalized  in  new 
countries.  More  individuals  are  born 
than  can  possibly  survive.  A  grain  in 
the  balance  may  determine  which  indi- 
viduals shall  live  and  which  shall  die, — 
which  variety  or  species  shall  increase  in 
number,  and  which  shall  decrease,  or 
finally  become  extinct.  As  the  individ- 
uals of  the  same  species  come  in  all  re- 
spects into  the  closest  competition  with 
each  other,  the  struggle  will  generally  be 
most  severe  between  them ;  it  will  be 
almost  equally  severe  between  the  varie- 
ties of  the  same  species,  and  next  in 
severity  between  the  species  of  the  same 
genus.  On  the  other  hand  the  struggle 
will  often  be  severe  between  beings  re- 
mote in  the  scale  of  nature.  The  slight- 
est advantage  in  certain  individuals,  at 
any  age  or  during  any  season,  over  those 
with  which  they  come  into  competition, 
or  better  adaptation  in  however  slight  a 
degree  to  the  surrounding  physical  con- 
ditions, will,  in  the  long  run,  turn  the 
balance. 


785.  With    animals    having    seprratt 
sexes,  there  will  be  in  most  cases  a  strug- 
gle between  the  males  for  the  possession 
of    the    females.      The    most   vigorous 
males,  or  those  which  have  most  success- 
fully struggled   with  their  conditions  of 
life,  will  generally  leave  most  progeny. 
But  success  will  often  depend  on  the 
males  having  special  weapons,  or  means 
of  defense,  or  charms ;  and  a  slight  ad- 
vantage will  lead  to  victor)'. 

786.  As    geology    plainly     proclaims 
that  each  land  has  undergone  great  phys- 
ical changes,  we  might  have  expected  to 
find  that  organic  beings  have  varied  un- 
der nature,  in  the  same  way  as  they  have 
varied    under    domestication.      And     if 
there  has  been  any  variability  under  na- 
ture, it  would  be  an  unaccountable  fact 
if  natural  selection  had  not  come  into 
play.     It  has  often  been  asserted,   but 
the  assertion  is  incapable  of  proof,  that 
the  amount  of  variation  under  nature  is 
a  strictly  limited  quantity.     Man,  though 
acting  on  external  characters  alone  and 
often  capriciously,  can  produce  within  a 
short  period  a  great  result  by  adding  up 
mere  individual  differences  in  his  domes- 
tic productions ;  and  every  one  admits 
that  species  present  individual  differences. 
But,  beside  such  differences,  all  natural- 
ists admit  that   natural   varieties    exist, 
which  are  considered  sufficiently  distinct 
to    be  worthy  of  record  in  systematic 
works.     No   one    has  drawn  any  clear 
distinction  between  individual  differences 
and   slight  varieties ;  or  between    more 
plainly  marked  varieties  and  sub-species, 
and   species.      On    separate  continents, 
and  on  different  parts  of  the  same  con- 
tinent when  divided  by  barriers  of  any 
kind,   and   on   outlying  islands,  what  a 
multitude  of  forms  exist,  which  some  ex- 
perienced naturalists  rank  as  varieties, 
others  as    geographical    races    or  sub- 
species, and  others   as  distinct,   though 
closely  allied  species ! 

787.  If,  then,  animals   and   plants  do 
vary,  let  it  be  ever  so  slightly  or  slowly, 
why  should   not  variations   or  individual 
differences,  which  are  in  any  way  bene- 
ficial,  be    preserved    and     accumulated 
through  natural  selection,  or  the  survival 
of  the  fittest  ?     If  man  can   by  patience 
select  variations  useful  to  him,  why,  un- 
der changing  and  complex  conditions  of 
life,  should  not  variations  useful  to  na- 
ture's living  products  often  arise,  and  be 
preserved  or  selected  ?     What  limit  can 
be  put  to  this  power,  acting  during  long 
ages  and  rigidly  scrutinizing  the  whole 
constitution,  structure,  and  habits  of  each 
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creature, — favoring  the  good  and  reject- 
ing the  bad  ?  I  can  see  no  limit  to  this 
power,  in  slowly  and  beautifully  adapting 
each  form  to  the  most  complex  relations 
of  life.  The  theory  of  natural  selection, 
even  if  we  look  no  farther  than  this  seems 
to  be  in  the  highest  degree  probable.  I 
have  already  recapitulated,  as  fairly  as  I 
could,  the  opposed  difficulties  and  objec- 
tions :  now  let  us  turn  to  the  special  facts 
and  arguments  in  favor  of  the  theory. 

788.  On  the  view  that  species  are  only 
strongly  marked  and  permanent  varieties, 
and  that  each  species  first  existed  as  a 
variety,  we  can  see  why  it  is  that  no  line 
of  demarkation  can  be   drawn  between 
species,  commonly  supposed  to  have  been 
produced  by  special  acts  of  creation,  and 
varieties  which    are    acknowledged    to 
have  been  produced  by  secondary  laws. 
On  this  same  view  we  can  understand 
how  it  is  that  in  a  region  where  many 
species  of  a  genus  have  been  produced, 
and  where  they  now  flourish,  these  same 
species  should  present  many  varieties ;  for 
where  the   manufactory  of   species  has 
been  active,  we  might  expect,  as  a  general 
rule,  to  find  it  still  in  action  ;  and  this  is 
the  case  if  varieties  be  incipient  species. 
Moreover,    the    species    of    the    larger 
genera,  which  afford  the  greater  number 
of  varieties  of  incipient  species,  retain  to 
a  certain  degree  the  character  of  varie- 
ties ;  for  they  differ  from  each  other  by  a 
less  amount  of  difference  than  do   the 
species  of  smaller  genera.     The  closely 
allied  species  also  of  the  larger  genera 
apparently  have  restricted  ranges,  and  in 
their  affinities  they  are  clustered  in  little 
groups  round  other  species — in  both  re- 
spects resembling  varieties.     These  are 
strange  relations  on  the  view  that  each 
species   was   independently  created,  but 
are  intelligible  if  each  existed  first  as  a 
variety. 

789.  As   each    species    tends    by  its 
geometrical  rate  of  reproduction  to  in- 
crease  inordinately  in   number ;  and  as 
the  modified  descendants  of  each  species 
will  be  enabled  to  increase   by  as   much 
as  they  become  more  diversified  in  habits 
and  structure,  so  as  to  be  able  to  seize  on 
many  and  widely  different  places  in  the 
economy  of  nature,  there  will  be  a  con- 
stant   tendency  in  natural    selection   to 
preserve  the  most  divergent  offspring  of 
any  one  species.     Hence,  during  a  long- 
continued  course    of    modification,    the 
slight  differences  characteristic  of  varie- 
ties of  the  same  species,  tend  to  be  aug- 
mented   into    the    greater    differences 
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characteristic  of  the  species  of  the  same 
genus.  New  and  improved  varieties 
will  inevitably  supplant  and  exterminate 
the  older,  less  improved,  and  inter- 
mediate varieties ;  and  thus  species  are 
rendered  to  a  large  extent  defined  and 
distinct  objects.  Dominant  species  be- 
longing to  the  larger  groups  within  each 
class  tend  to  give  birth  to  new  and  domi- 
nant forms  ,  so  that  each  large  group 
tends  to  become  still  larger,  and  at  the 
same  time  more  divergent  in  character. 
But  as  all  groups  cannot  thus  go  on  in- 
creasing in  size,  for  the  world  would  not 
hold  them,  the  more  dominant  groups 
beat  the  less  dominant.  This  tendency 
in  the  large  groups  to  go  on  increasing 
in  size  and  diverging  in  character,  to- 
gether with  the  inevitable  contingency  of 
much  extinction,  explains  the  arrange- 
ment of  all  the  forms  of  life  in  groups 
subordinate  to  groups,  all  within  a  few 
great  classes,  which  has  prevailed 
throughout  all  time.  This  grand-fact  of 
the  grouping  of  all  organic  beings  under 
what  is  called  the  Natural  System,  is  ut- 
terly inexplicable,  on  the  theory  of  crea- 
tion. 

790.  As  natural    selection  acts  solely 
by  accumulating  slight,  successive,  fav- 
orable variations,  it  can  produce  no  great 
or  sudden  modifications  ;  it  can  act  only 
by  short  and    slow  steps.      Hence   the 
canon    of  "  Natura  non    facit    saltum," 
which  every  fresh  addition  to  our  knowl- 
edge tends  to  confirm,  is  on  this  theory 
intelligible.     We  can  see  why  through- 
out   nature   the    same    general    end    is 
gained  by  an  almost  infinite  diversity  of 
means,  for  every  peculiarity  when  once 
acquired  is  long  inherited,  and  structures 
already  modified  in  many  different  ways 
have  to  be  adapted  for  the  same  general 
purpose.      We  can,   in   short,   see  why 
nature  is  prodigal  in  variety,  though  nig- 
gard in  innovation.     But  why  this  should 
be  a  law  of  nature  if  each   species   has 
been  independently  created,  no  man  can 
explain. 

791.  Many  other  facts  are,  as  it  seems 
to  me,  explicable  on  this  theory.     How 
strange  it  is  that  a  bird,  under  the  form 
of  a  woodpecker,  should  prey  on  insects 
on  the  ground  ;  that  upland  geese  which 
rarely  or    never  swim,   should    possess 
webbed    feet ;    that    a   thrush-like    bird 
should  dive  and  feed  on  sub-aquatic  in- 
sects ;  and  that  a  petrel  should  have  the 
habits  and  structure  fitting  it  for  the  life 
of  an  auk  !  and  so  in  endless  other  cases. 
But  on  the  view  of  each  species  constant- 
ly trying  to  increase  in  number,   with 
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natural  selection  always  ready  to  adapt 
the  slowly  varying  descendants  of  each  to 
any  unoccupied  or  ill-occupied  place  in 
nature,  these  facts  cease  to  be  strange, 
or  might  even  have  been  anticipated. 

792.  We  can  to  a  certain  extent  under- 
stand how  it   is  that   there  is   so  much 
beauty  throughout  nature ;  for  this  may 
be  largely   attributed   to   the  agency   of 
selection.     That  beauty,  according  to  our 
sense  of  it,  is  not  universal,  must  be  ad- 
mitted by   every  one   who   will   look   at 
some  venomous  snakes,  at   some  fishes, 
and  at  certain  hideous  bats  with  a  dis- 
torted  resemblance  to  the  human  face. 
Sexual  selection  has  given  the  most  brill- 
iant colors,  elegant  patterns,  and  other 
ornaments  to  the  males,  and  sometimes 
to  both  sexes  of  many  birds,  butterflies, 
and   other  animals.      With  birds  it  has 
often    rendered   the  voice  of  the    male 
musical  to  the  female,  as  well  as  to  our 
ears.     Flowers  and  fruit  have  been  ren- 
dered conspicuous  by  brilliant  colors  in 
contrast  with  the  green  foliage,  in  order 
that    the    flowers   may   be    easily  seen, 
visited,    and    fertilized,  by  insects,    and 
the  seeds  disseminated  by  birds.     How 
it  comes  that  certain  colors,  sounds,  and 
forms  should  give  pleasure  to  man  and 
the    lower    animals, — that    is,   how   the 
sense  of  beauty  in  its  simplest  form  was 
first   acquired, — we    do   not    know   any 
more  than   how  certain  odors   and   fla- 
vors were  first  rendered  agreeable. 

793.  As  natural  selection  acts  by  com- 
petition, it  adapts  and  improves  the  in- 
habitants of  each  country  only  in  relation 
to  their  co-inhabitants ;  so  that  we  need 
feel  no  surprise  at  the  species  of  any  one 
country,  although  on  the  ordinary  view 
supposed  to  have  been  created  and  spe- 
cially adapted    for  that    country,  being 
beaten  and  supplanted  by  the  naturalized 
productions    from    another   land.      Nor 
ought  we  to  marvel  if  all  the  contrivances 
in  nature  be  not,  as  far  as  we  can  judge, 
absolutely  perfect,  as  in  the  case  even  of 
the  human  eye ;  or  if  some  of  them  be 
abhorrent  to  our  ideas  of  fitness.     We 
need  not  marvel  at  the  sting  of  the  bee, 
when  used   against  an   enemy,   causing 
the   bee's   own  death ;    at  drones  being 
produced  in  such  great  numbers  for  one 
single  act,  and  being  then  slaughtered  by 
their  sterile  sisters ;   at   the   astonishing 
waste  of  pollen  by  our  fir-trees  ;  at  the 
instinctive  hatred  of  the  queen- bee  for 
her  own   fertile   daughters ;    at  ichneu- 
monidas  feeding  within  the  living  bodies 
of  caterpillars  ;  or  at  other  such  cases. 
Jhe  wonder  indeed  is,  on  the  theory  of 
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natural  selection,  that  more  cases  of  the 
want  of  absolute  perfection  have  not 
been  detected. 

794.  The  complex  and    little    known 
laws  governing  the  production  of  varie- 
ties are  the  same,  as  far  as  we  can  judge, 
with  the  laws  which  have  governed  the 
production  of  distinct  species.     In  both 
cases  physical  conditions   seem  to  have 
produced  some  direct  and  definite  effect, 
but   how  much   we   cannot  say.     Thus, 
when  varieties    enter  any  new   station, 
they  occasionally  assume    some   of  the 
characters  proper  to  the  species  of  that 
station.     With  both  varieties  and  species, 
use  and  disuse  seem  to  have  produced  a 
considerable   effect;  Tor  it  is  impossible 
to  resist  this  conclusion  when  we   look, 
for  instance,  at  the  logger-headed  duck, 
which   has  wings  incapable  of  flight,  in 
nearly  the  same  condition  as  in  the  do- 
mestic duck;  or  when   we   look   at  the 
burrowing  tucu-tucu,  which  is  occasion- 
ally  blind,   and   then   at   certain    moles, 
which  are  habitually  blind  and  have  their 
eyes  covered  with  skin ;  or  when  we  look 
at  the  blind  animals  inhabiting  the  dark 
caves  of  America  and  Europe.     With  va- 
rieties  and  species,  correlated   variation 
seems  to  have  played  an  important  part, 
so  that  when  one  part  has  been  modified 
other  parts  have  been  necessarily  modi- 
fied.    With   both   varieties   and  species, 
reversions  to   long-lost   characters  occa- 
sionally occur.     How  inexplicable  on  the 
theory  of  creation  is  the   occasional  ap- 
pearance of  stripes  on  the  shoulders  and 
legs  of  the  several  species  of  the  horse- 
genus  and  of  their  hybrids!     How  sim- 
ply is  this  fact  explained   if  we  believe 
that  these  species  are  all  descended  from 
a  striped  progenitor,  in  the  same  manner 
as  the   several   domestic  breeds  of  the 
pigeon  are  descended  from  the  blue  and 
barred  rock-pigeon ! 

795.  On  the  ordinary  view  of  each  spe- 
cies having  been  independently  created, 
why  should  specific  characters,  or  those 
by  which  the  species  of  the  same  genus 
differ  from  each  other,  be  more  variable 
than  generic  characters  in  which  they  all 
agree  ?     Why,   for  instance,  should  the 
color  of  a  flower  be  more  likely  to  vary 
in  any  one  species  of  a  genus,  if  the  other 
species  possess  differently  colored  flow- 
ers, than  if  all  possessed  the  same  col- 
ored flowers?     If  species  are  only  well- 
marked  varieties,  of  which  the  characters 
have  become  in  a  high  degree  permanent, 
we  can   understand   this  fact;  for  they 
have  already  varied  since  they  branched 
off  from  a  common  progenitor  in  certain 
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characters,  by  which  they  have  come  to 
be  specifically  distinct  from  each  other; 
therefore  these  same  characters  would  be 
more  likely  again  to  vary  than  the  generic 
characters  which  have  been  inherited 
without  change  for  an  immense  period. 
It  is  inexplicable  on  the  theory  of  creation 
why  a  part  developed  in  a  very  unusual 
manner  in  one  species  alone  of  a  genus, 
and  therefore,  as  we  may  naturally  infer, 
of  great  importance  to  that  species,  should 
be  eminently  liable  to  variation ;  but,  on 
our  view,  this  part  has  undergone,  since 
the  several  species  branched  off  from  a 
common  progenitor,  an  unusual  amount 
of  variability  and  modification,  and  there- 
fore we  might  expect  the  part  generally 
to  be  still  variable.  But  a  part  may  be 
developed  in  the  most  unusual  manner, 
like  the  wing  of  a  bat,  and  yet  not  be 
more  variable  than  any  other  structure, 
if  the  part  be  common  to  many  subordi- 
nate forms,  that  is,  if  it  has  been  inherited 
for  a  very  long  period  ;  for  in  this  case  it 
will  have  been  rendered  constant  by  long- 
continued  natural  selection. 

796.  Glancing  at  instincts,  marvelous 
as  some  are,  they  offer  no  greater  diffi- 
culty than  do  corporeal  structures  on  the 
theory  of  the  natural  selection  of  succes- 
sive, slight,  but  profitable  modifications. 
We  can  thus  understand  why  nature 
moves  by  graduated  steps  in  endowing 
different  animals  of  the  same  class  with 
their  several  instincts.  I  have  attempted 
to  show  how  much  light  the  principle  of 
gradation  throws  on  the  admirable  archi- 
tectural powers  of  the  hive-bee.  Habit 
no  doubt  often  comes  into  play  in  modi- 
fying instincts  ;  but  it  certainly  is  not  in- 
dispensable, as  we  see  in  the  case  of 
neuter  insects,  which  leave  no  progeny 
to  inherit  the  effects  of  long-continued 
habit.  On  the  view  of  all  the  species  of 
the  same  genus  having  descended  from  a 
having  inherited 
we  can  understand 


common  parent,   and 
much  in  common, 


how  it  is  that  allied  species,  when  placed 
under  widely  different  conditions  of  life, 
yet  follow  nearly  the  same  instincts  ;  why 
the  thrushes  of  tropical  and  temperate 
South  America,  for  instance,  line  their 
nests  with  mud  like  our  British  species. 
On  the  view  of  instincts  having  been 
slowly  acquired  through  natural  selection, 
we  need  not  marvel  at  some  instincts  be- 
ing not  perfect  and  liable  to  mistakes, 
and  at  many  instincts  causing  other  ani- 


mals to  suffer. 
797.  If  species 


be    only  well-marked 


and  permanent  varieties,  we  can  at  once 
see  why  their  crossed   offspring  should 


follow  the  same  complex  iaws  in  their 
degrees  and  kinds  of  resemblance  to  their 
parents, — in  being  absorbed  into  each 
other  by  successive  crosses,  and  in  other 
such  points, — as  do  the  crossed  offspring 
of  acknowledged  varieties.  This  similar- 
ity would  be  a  strange  fact,  if  species  had 
been  independently  created  and  varieties 
had  been  produced  through  secondary 
laws. 

798.  If  we  admit  that  the  geological 
record  is  imperfect  to  an  extreme  degree, 
then  the  facts,  which  the  record  does 
give,  strongly  support  the  theory  of  de- 
scent with  modification.  New  species 
have  come  on  the  stage  slowly  and  at 
successive  intervals ;  and  the  amount  of 
change,  after  equal  intervals  of  time,  is 
widely  different  in  different  groups.  The 
extinction  of  species  and  of  whole  groups 
of  species,  which  has  played  so  conspicu- 
ous a  part  in  the  history  of  the  organic 
world,  almost  inevitably  follows  from  the 
principle  of  natural  selection ;  for  old 
forms  are  supplanted  by  new  and  im- 
proved forms.  Neither  single  species 
nor  groups  of  species  re-appear  when  the 
chain  of  ordinary  generation  is  once 
broken.  The  gradual  diffusion  of  domi- 
nant forms,  with  the-  slow  modification 
of  their  descendants,  causes  the  forms  of 
life,  after  long  intervals  of  time,  to  appear 
as  if  they  had  changed  simultaneously 
throughout  the  world.  The  fact  of  the 
fossil  remains  of  each  formation  being  in 
some  degree  intermediate  in  character 
between  the  fossils  in  the  formations 
above  and  below,  is  simply  explained  by 
their  intermediate  position  in  the  chain 
of  descent.  The  grand  fact  that  all  ex- 
tinct beings  can  be  classed  with  all  recent 
beings,  naturally  follows  from  the  living 
and  the  extinct  being  the  offspring  of 
common  parents.  As  species  have  gen- 
erally diverged  in  character  during  their 
long  course  of  descent  and  modification, 
we  can  understand  why  it  is  that  the 
more  ancient  forms,  or  early  progenitors 
of  each  group,  so  often  occupy  a  position 
in  some  degree  intermediate  between  ex- 
isting groups.  Recent  forms  are  gener- 
ally looked  upon  as  being,  on  the  whole, 
higher  in  the  scale  of  organization  than 
ancient  forms  ;  and  they  must  be  higher, 
in  so  far  as  the  later  and  more  improved 
forms  have  conquered  the  older  and  less 
improved  forms  in  the  struggle  for  life  ; 
they  have  also  generally  had  their  organs 
more  specialized  for  different  functions. 
This  fact  is  perfectly  compatible  with 
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for  simple  conditions  of  life ;  it  is  likewise 
compatible  with  some  forms  having  retro- 
graded in  organization,  by  having  become 
at  each  stage  of  descent  better  fitted  for 
new  and  degraded  habits  of  life.  Lastly, 
the  wonderful  law  of  the  long  endurance 
of  allied  forms  on  the  same  continent, — 
of  marsupials  in  Australia,  of  edentata  in 
America,  and  other  such  cases, — is  intel- 
ligible, for  within  the  same  country  the 
existing  and  the  extinct  will  be  closely 
allied  by  descent. 

799.  Looking  to  geographical  distri- 
bution, if  we  admit  that  there  has  been 
during  the  long  course  of  ages  much  mi- 
gration from  one  part  of  the  world  to  an- 
other, owing  to  former  climatal  and  geo- 
graphical changes  and  to  the  many  occa- 
sional and  unknown  means  of  dispersal, 
then  we  can  understand,  on  the  theory 
of  descent  with  modification,  most  of  the 
great  leading  facts  in  Distribution.  We 
can  see  why  there  should  be  so  striking  a 
parallelism  in  the  distribution  of  organic 
beings  throughout  space,  and  in  their 
geological  succession  throughout  time ; 
for  in  both  cases  the  beings  have  been 
connected  by  the  bond  of  ordinary  gener- 
ation, and  the  means  of  modification 
have  been  the  same.  We  see  the  full 
meaning  of  the  wonderful  fact,  which  has 
struck  every  traveler,  namely,  that  on 
the  same  continent,  under  the  most  di- 
verse conditions,  under  heat  and  cold,  on 
mountain  and  lowland,  on  deserts  and 
marshes,  most  of  the  inhabitants  within 
each  great  class  are  plainly  related ;  for 
they  are  the  descendants  of  the  same 
progenitors  and  early  colonists.  On  this 
same  principle  of  former  migration,  com- 
bined in  most  cases  with  modification, 
we  can  understand,  by  the  aid  of  the  Gla- 
cial period,  the  identity  of  some  few 
plants,  and  the  close  alliance  of  many 
others,  on  the  most  distant  mountains, 
and  in  the  northern  and  southern  tem- 
perate zones  ;  and  likewise  the  close  alli- 
ance of  some  of  the  inhabitants  of  the  sea 
in  the  northern  and  southern  temperate 
latitudes,  though  separated  by  the  whole 
intertropical  ocean.  Although  two  coun- 
tries may  present  physical  conditions  as 
closely  similar  as  the  same  species  ever 
require,  we  need  feel  no  surprise  at  their 
inhabitants  being  widely  different,  if  they 
have  been  for  a  long  period  completely 
sundered  from  each  other ;  for  as  the  re- 
lation of  organism  to  organism  is  the 
most  important  of  all  relations,  and  as 
the  two  countries  will  have  received  col- 
onists at  various  periods  and  in  different 
proportions,  from  some  other  country  or 
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from  each  other,  the  course  of  modifica- 
tion in  the  two  areas  will  inevitably  have 
been  different. 

800.  On  this  view  of  migration,  with 
subsequent    modification,    we    see    why 
oceanic  islands  are  inhabited  by  only  few 
species,  but  of  these,  why  many  are  pe- 
culiar or  endemic  forms.     We  clearly  see 
why  species  belonging  to  those  groups  of 
animals  which  cannot  cross  wide  spaces 
of  the  ocean,   as  frogs    and    terrestrial 
mammals,  do  not  inhabit  oceanic  islands  ; 
and  why,  on   the  other  hand,  new  and 
peculiar  species  of  bats,  animals  which 
can  traverse  the  ocean,  are  often  found 
on  islands  far  distant  from  any  continent. 
Such  cases  as  the   presence  of  peculiar 
species  of  bats  on  oceanic  islands  and 
the  absence  of  all  other  terrestrial  mam- 
mals,  are  facts   utterly   inexplicable  on 
the  theory  of  independent  acts  of  crea- 
tion. 

801.  The  existence  of  closely  allied  or 
representative  species  in  any  two  areas, 
implies  on  the  theory  of  descent  with  mod- 
ification, that  the  same  parent-forms  for- 
merly inhabited  both  areas :  and  we  almost 
invariably  find  that  wherever  .many  close- 
ly allied  species  inhabit  two  areas,  some 
identical  species  are  still  common  to  both. 
Wherever  many  closely  allied  yet  dis- 
tinct species  occur,  doubtful  forms  and 
varieties  belonging  to  the  same  groups 
likewise  occur.     It  is  a  rule  of  high  gen- 
erality that  the  inhabitants  of  each  area 
are  related  to  the  inhabitants  of  the  near- 
est source    whence    immigrants    might 
have  been  derived.     We  see  this  in  the 
striking  relation  of  nearly  all  the  plants 
and  animals  of  the  Galapagos  archipel- 
ago, of  Juan  Fernandez,  and  of  the  other 
American  islands,  to  the  plants  and  ani- 
mals of  the  neighboring  American  main- 
land ;  and  of  those  of  the  Cape  de  Verde 
archipelago,  and  of  the  other  African  isl- 
land  to  the   African  mainland.     It  must 
be  admitted  that  these   facts  receive  no 
explanation  on  the  theory  of  creation. 

802.  The  fact,  as  we  have  seen,   that 
all  past  and  present  organic  beings  can 
be  arranged  within  a  few  great  classes,  in 
groups  subordinate  to  groups,  and  with 
the  extinct  groups  often  falling  in  between 
the  recent  groups,  is   intelligible  on  the 
theory  of  natural  selection  with  its  con- 
tingencies of  extinction  and  divergence  of 
character.     On  these  same  principles  we 
see  how  it  is,  that  the  mutual  affinities  of 
the  forms  within  each  class  are  so  com- 
plex and  circuitous.     We  see  why  certain 
characters  are  far  more  serviceable  than 
others  for  classification ; — why  adaptive 
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characters,  though  of  paramount  impor- 
tance to  the  beings,  are  of  hardly  any 
importance  in  classification  ;  why  charac- 
ters derived  from  rudimentary  parts, 
though  of  no  service  to  the  beings,  are 
often  of  high  classificatory  value  ;  and 
why  embryological  characters  are  often 
the  most  valuable  of  all.  The  real  affin- 
ities of  all  organic  beings,  in  contradis- 
tinction to  their  adaptive  resemblances, 
are  due  to  inheritance  or  community  of 
descent.  The  Natural  System  is  a  genea- 
logical arrangement,  with  the  acquired 
grades  of  difference,  marked  by  the 
terms,  varieties,  species,  genera,  families, 
etc. ;  and  we  have  to  discover  the  lines 
of  descent  by  the  most  permanent  char- 
acters whatever  they  may  be  and  of  how- 
ever slight  vital  importance. 

803.  The  similar  framework  of  bones 
in  the  hand  of  a  man,  wing  of  a  bat,  fin 
of  the  porpoise,  and  leg  of  the  horse, — 
the  same  number  of  vertebrae    forming 
the  neck  of  the  giraffe  and  of  the  eie- 
phant, — and  innumerable  other  such  facts, 
at  once  explain  themselves  on  the  theory 
of  descent  with  slow  and  slight  successive 
modifications.     The  similarity  of  pattern 
in  the  wing  and  in  the  leg  of  a  bat,  though 
used  for  such  different  purpose, — in  the 
jaws  and  legs  of  a  crab, — in  the  petals, 
stamens,  and  pistils  of  a  flower  is  like- 
wise, to  a  large  extent,  intelligible  on  the 
view  of  the  gradual  modification  of  parts 
or  organs,  which  were  aboriginally  alike 
in  an  early  progenitor  in  each  of  these 
classes.    On  the  principle  of  successive 
variations  not  always  supervening  at  an 
early  age,  and  being  inherited  at  a  cor- 
responding not  early  period  of  life,  we 
clearly  see  why  the  embryos  of  mammals, 
birds,  reptiles,  and  fishes,  should  be  so 
closely  similar,  and  so  unlike  the  adult 
forms.     We  may  cease  marveling  at  the 
embryo  of  an  air-breathing  mammal  or 
bird  having  branchial  slits  and  arteries 
running  in   loops,   like  those  of  a  fish 
which  has  to  breathe  the  air  dissolved  in 
water  by  the  aid  of  well-developed  bran- 
chiae. 

804.  Disuse,  aided  sometimes  by  natu- 
ral selection,  will  often  have  reduced  or- 
gans when  rendered  useless  under  chang- 
ed habits  or  conditions  of  life ;  and  we 
can  understand  on  this  view  the  meaning 
of  rudimentary  organs.     But  disuse  and 
selection  will  generally  act  on  each  crea- 
ture, when  it  has  come  to  maturity  and 
has  to  play  its  full  part  in  the  struggle  for 
existence,  and  will  thus  have  little  power 
on  an  organ  during  early  life  ;  hence  the 
organ  will  not  be  reduced  or  rendered 
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rudimentary  at  this  early  age.  The  call 
for  instance,  has  inherited  teeth,  which 
never  cut  through  the  gums  of  the  upper 
jaw,  from  an  early  progenitor  having 
well-developed  teeth  ;  and  we  may  be- 
lieve, that  the  teeth  in  the  mature  animal 
were  formerly  reduced  by  disuse,  owing 
to  the  tongue  and  palate,  or  lips,  having 
become  excellently  fitted  through  natural 
selection  to  browse  without  their  aid  ; 
whereas  in  the  calf,  the  teeth  have  been 
left  unaffected,  and  on  the  principle  of 
inheritance  at  corresponding  ages  have 
been  inherited  from  a  remote  period  to 
the  present  day.  On  the  view  of  each 
organism  with  all  its  separate  parts  hav- 
ing been  specially  created,  how  utterly 
inexplicable  is  it  that  organs  bearing  the 
plain  stamp  of  inutility,  such  as  the  teeth 
in  the  embryonic  calf  or  the  shriveled 
wings  under  the  soldered  wing-covers  of 
many  beetles,  should  so  frequently  occur. 
Nature  may  be  said  to  have  taken  pains 
to  reveal  her  scheme  of  modification,  by 
means  of  rudimentary  organs,  of  em- 
bryological and  homologous  structures, 
but  we  are  too  blind  to  understand  her 
meaning. 

805.  I  have  now  recapitulated  the  facts 
and  considerations  which  have  thoroughly 
convinced  me  that  species  have  been 
modified,  during  a  long  course  of  de- 
scent. This  has  been  effected  chiefly 
through  the  natural  selection  of  numer- 
ous successive,  slight,  favorable  varia- 
tions ;  aided  in  an  important  manner  by 
the  inherited  effects  of  the  use  and  disuse 
of  parts ;  and  in  an  unimportant  manner, 
that  is  in  relation  to  adaptive  structures, 
whether  past  or  present,  by  the  direct 
action  of  external  conditions,  and  by  va- 
riations which  seem  to  us  in  our  ignorance 
to  arise  spontaneously.  It  appears  that 
I  formerly  underrated  the  frequency  and 
value  of  these  latter  forms  of  variation, 
as  leading  to  permanent  modifications  of 
structure  independently  of  natural  selec- 
tion. But  as  my  conclusions  have  lately 
been  much  misrepresented,  and  it  has 
been  stated  that  I  attribute  the  modifica- 
tion of  species  exclusively  to  natural  se- 
lection, I  may  be  permitted  to  remark 
that  in  the  first  edition  of  this  work,  and 
subsequently,  I  placed  in  a  most  conspic- 
uous position — namely,  at  the  close  of  the 
Introducuon — the  following  words  :  "  I 
am  convinced  that  natural  selection  has 
been  the  main  but  not  the  exclusive 
means  of  modification."  This  has  been 
of  no  avail.  Great  is  the  power  of  steady 
misrepresentation ;  but  the  history  of 


ORIGIN  OF  SPECIES. 


325 


science  shows  that  fortunately  this  power 
does  not  long  endure. 

806.  It  can  hardly  be  supposed  that  a 
false  theory  would  explain,  in  so  satisfac- 
tory a  manner  as  does  the  theory  of  nat- 
ural selection,  the  several  large  classes  of 
facts   above   specified.      It   has   recently 
been  objected  that  this  is  an  unsafe  meth- 
od of  arguing  ;  but  it  is  a  method  used 
in  judging  of  the  common  events  of  life, 
and  has  often  been  used  by  the  greatest 
natural    philosophers.      The    undulatory 
theory  of  light  has  thus  been  arrived  at ; 
and   the   belief  in  the  revolution  of  the 
earth  on  its  own  axis  was  until  lately  sup- 
ported by  hardly  any  direct  evidence.     It 
is  no  valid  objection  that  science  as  yet 
throws  no  light  on  the  far  higher  problem 
of  the  essence  or  origin  of  life.     Who  can 
explain  what  is  the  essence  of  the  attrac- 
tion of  gravity  ?     No  one  now  objects  to 
following  out  the  results  consequent  on 
this  unknown  element  of  attraction  ;  not- 
withstanding that  Leibnitz  formerly  ac- 
cused Newton    of  introducing    "  occult 
qualities  and  miracles  into  philosophy." 

807.  I  see   no  good   reason   why   the 
views  given  in  this  volume  should  shock 
the  religious  feelings  of  any  one.     It   is 
satisfactory,  as  showing  how  transient 
such  impressions  ?"e,  to  remember  that 
the  greatest  discovery  ever  made  by  man, 
namely  the  law  of  the  attraction  of  gravity, 
was  also  attacked  by  Leibnitz,  "  as  sub- 
versive of  natural,  and  inferentially  of  re- 
vealed, religion."      A  celebrated  author 
and  divine  has  written  to  me  that  "  he 
has    gradually  learnt  to   see   that   it   is 
just  as  noble  a  conception  of  the  Deity  to 
believe  that    He  created  a  few  original 
forms  capable  of  self-development   into 
other   and   needful   forms,  as  to  believe 
that  He  required  a  fresh  act  of  creation 
to  supply  the  voids  caused  by  the  action 
of  His  laws." 

808.  Why.  it  may  be  asked,  until  re- 
cently did    nearly  all  the  most  eminent 
living  naturalists   and   geologists   disbe- 
lieve in  the  mutability  of  species.     It  can- 
not be  asserted  that  organic   beings  in  a 
state  of  nature  are  subject  to  no  varia- 
tion ;  it  cannot  be  proved  that  the  amount 
of  variation  in  the  course  of  long  ages  is 
a  limited  quantity ;   no   clear  distinction 
has  been,  or  can  be  drawn  between  spe- 
cies and  well-marked  varieties.     It   can- 
not be  maintained  that  species  when  in- 
tercrossed are  invariably  sterile,  and  va- 
rieties invariably  fertile ;  or  that  sterility 
is  a  special  endowment  and  sign  of  crea- 
tion.    The  belief   that  species  were  im- 
mutable productions  was  almost  unavoid- 


able as  long  as  the  history  of  the  world  was 
thought  to  be  of  short  duration  ;  and  now 
that  we  have  acquired  some  idea  of  the 
lapse  of  time,  we  are  too  apt  to  assume, 
without  proof,  that  the  geological  record  is 
so  perfect  that  it  would  have  afforded  us 
plain  evidence  of  the  mutation  of  species, 
if  they  had  undergone  mutation. 

809.  But  the  chief  cause  of  our  natural 
unwillingness  to  admit  that  one  species 
has  given  birth  to  other  and  distinct  spe- 
cies, is  that  we  are  always  slow  in  admit- 
ting great  changes  of  which  we  do  not 
see  the  steps.     1  he  difficulty  is  the  same 
as  that  felt  by  so  many  geologists,  when 
Lyell  first  insisted  that  long  lines  of  in- 
land cliffs  had  been  formed,  and  great 
valleys  excavated,  by  the  agencies  which 
we  see  still  at  work.     The  mind  cannot 
possibly  grasp  the   full   meaning  of  the 
term  of  even  a  million  years ;  it  cannot 
add   up  and  perceive   the  full  effects  of 
many  slight  variations,  accumulated  dur- 
ing an  almost  infinite  number  of  genera- 
tions. 

810.  Although  I  am  fully  convinced  of 
the  truth  of  the  views  given  in  this  vol- 
ume under  the  form  of  an  abstract,  I  by 
no  means  expect  to  convince  experienced 
naturalists  whose  minds  are  stocked  with 
a  multitude  of  facts  all  viewed,  during  a 
long  course  of  years,  from  a  point  of  view 
directly  opposite  to  mine.     It  is  so  easy 
to  hide  our  ignorance  under  such  expres- 
sions as  the  "  plan  of  creation,"  "  unity  of 
design,"  etc.,  and  to  think  that  we  give  an 
exr'anation  when  we  only  re-state  a  fact. 
Any  one  whose  disposition  leads  him  to 
attach  more   weight  to  unexplained  dif- 
ficulties than  to  the  explanation  of  a  cer- 
tain number  of  facts  will  certainly  reject 
the  theory.     A  few  naturalists,  endowed 
with  much  flexibility  of  mind,  and  who 
have  already  begun  to  doubt  the  immuta- 
bility of  species  may  be  influenced  by  this 
volume  ;  but  I  look  with  confidence  to  the 
future, — to  young  and  rising  naturalists, 
who  will  be  able  to  view  both  sides  of  the 
question  with  impartiality.     Whoever  is 
led   to   believe  that  species  are  mutable 
will  do  good  service  by  conscientiously 
expressing  his  conviction ;  for  thus  only 
can  the  load  of  prejudice  by  which  this 
subject  is  overwhelmed  be  removed. 

811.  Several  eminent  naturalists  have 
of  late  published  their  belief  that  a  mul- 
titude of  reputed  species  in  each  genus 
are  not  real  species  ;  but  that  other  spe- 
cies are  real,  that  is,  have  been  independ- 
ently created.      This    seems    to    me  a 
strange  conclusion  to  arrive  at.     They 
admit  that  a  multitude  of  forms,  which 
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till  lately  they  themselves  thought  were 
special  creations,  and  which  are  still  thus 
looked  at  by  the  majority  of  naturalists, 
and  which  consequently  have  all  the  ex- 
ternal characteristic  features  of  true  spe- 
cies,— they  admit  that  these  have  been 
produced  by  variation,  but  they  refuse  to 
extend  the  same  view  to  other  and 
slightly  different  forms.  Nevertheless 
they  do  not  pretend  that  they  can  define, 
or  even  conjecture,  which  are  the  created 
forms  of  life,  and  which  are  those  pro- 
duced by  secondary  laws.  They  admit 
variation  as  a  vera  causa  in  one  case, 
•they  arbitrarily  reject  it  in  another,  with- 
out assigning  any  distinction  in  the  two 
cases.  The  day  will  come  when  this  will 
be  given  as  a  curious  illustration  of  the 
blindness  of  preconceived  opinion.  These 
authors  seem  no  more  startled  at  a  mirac- 
ulous act  of  creation  than  at  an  ordinary 
birth.  But  do  they  really  believe  that  at 
innumerable  periods  in  the  earth's  history 
certain  elemental  atoms  have  been  com- 
manded suddenly  to  flash  into  living  tis- 
sues ?  Do  they  believe  that  at  each  sup- 
posed act  of  creation  one  individual  or 
many  were  produced  ?  Were  all  the  in- 
finitely numerous  kinds  of  animals  and 
plants  created  as  eggs  or  seed,  or  as  full 
grown?  and  in  the  case  of  mammals, 
were  they  created  bearing  the  false  marks 
of  nourishment  from  the  mother's  womb  ? 
Undoubtedly  some  of  these  same  ques- 
tions cannot  be  answered  by  those  who 
believe  in  the  appearance  or  creation  of 
only  a  few  forms  of  life,  or  of  some  one 
form  alone.  It  has  been  maintained  by 
several  authors  that  it  is  as  easy  to  be- 
lieve in  the  creation  of  a  million  beings 
as  of  one ;  but  Maupertuis'  philosophical 
axiom  "of  least  action"  leads  the  mind 
more  willingly  to  admit  the  smaller  num- 
ber ;  and  certainly  we  ought  not  to  be- 
lieve that  innumerable  beings  within  each 
great  class  have  been  created  with  plain, 
but  deceptive,  marks  of  descent  from  a 
single  parent. 

812.  As  a  record  of  a  former  state  of 
things,  I  have  retained  in  the  foregoing 
paragraphs,  and  elsewhere,  several  sen- 
tences which  imply  that  naturalists  be- 
lieve in  the  separate  creation  of  each  spe- 
cies ;  and  I  have  been  much  censured  for 
having  thus  expressed  myself.  But  un- 
doubtedly this  was  the  general  belief 
when  the  first  edition  of  the  present  work 
appeared.  I  formerly  spoke  to  very  many 
naturalists  on  the  subject  of  evolution, 
and  never  once  met  with  any  sympathetic 
agreement.  It  is  probable  that  some  did 
then  believe  in  evolution,  but  they  were 


either  silent,  or  expressed  themselves  so 
ambiguously  that  it  was  not  easy  to  un- 
derstand their  meaning.  Now  things  are 
wholly  changed,  and  almost  every  natu- 
ralist admits  the  great  principle  of  evolu- 
tion. There  are,  however,  some  who 
still  think  that  species  have  suddenly 
given  birth,  through  quite  unexplained 
means,  to  new  and  totally  different 
forms  :  but,  as  I  have  attempted  to  show, 
weighty  evidence  can  be  opposed  to  the 
admission  of  great  and  abrupt  modifica- 
tions. Under  a  scientific  point  of  view, 
and  as  leading  to  further  investigation, 
but  little  advantage  is  gained  by  believing 
that  new  forms  are  suddenly  developed 
in  an  inexplicable  manner  from  old  and 
widely  different  forms,  over  the  old  belief 
in  the  creation  of  species  from  the  dust 
of  the  earth. 

813.  It  may  be  asked  how  far  I  extend 
the  doctrine  of  the  modification  of  spe- 
cies.    The  question  is  difficult  to  answer, 
because  the  more  distinct  the  forms  are 
which  we  consider,  by  so  much  the  argu- 
ments in  favor  of  community  of  descent 
become  fewer  in  number  and  less  in  force. 
But    some  arguments    of    the    greatest 
weight  extend  very  far.     All  the  mem- 
bers of  whole  classes  are  connected  to- 
gether by  a  chain  of  affinities,  and  all  can 
be  classed    on    the    same  principle,   in 
groups  subordinate  to  groups.      Fossi! 
remains  sometimes  tend  to  fill  up  very 
wide  intervals  between  existing  orders. 

814.  Organs  in  a  rudimentary  condition 
plainly  show  that  an  early  progenitor  had 
the  organ  in  a  fully  developed  condition  ; 
and  this  in  some  cases  implies  an  enor- 
mous amount  of  modification  in  the  de- 
scendants.     Throughout  whole    classes 
various  structures    are    formed    on    the 
same  pattern,  and  at  a  very  early  age  the 
embryos    closely  resemble    each   other. 
Therefore  I  cannot  doubt  that  the  theory 
of  descent  with  modification  embraces  all 
the  members  of  the  same  great  class  or 
kingdom.     I  believe  that  animals  are  de- 
scended from  at  most  only  four  or  five 
progenitors,  and  plants  from  an  equal  or 
lesser  number. 

815.  Analogy  would  lead  me  one  step 
farther,  namely,  to  the  belief  that  all  an- 
imals and  plants    are   descended    from 
some  one  prototype.     But   analogy  may 
be   a   deceitful  guide.     Nevertheless   all 
living  things  have  much  in  common,  in 
their  chemical  composition,  their  cellular 
structure,  their  laws  of  growth,  and  their 
liability  to  injurious  influences.    We  see 
this  even  ji  so  trifling  a  fact  as  that  the 
same  poison  often  similarly  affects  plants 
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and  animals ;  or  that  the  poison  secreted 
by  the  gall-fly  produces  monstrous 
growths  on  the  wild  rose  or  oak-tree. 
With  all  organic  beings,  excepting  per- 
haps some  of  the  very  lowest,  sexual  re- 
production seems  to  be  essentially  simi- 
lar. With  all,  as  far  as  is  at  present 
known,  the  germinal  vesicle  is  the  same  ; 
so  that  all  organisms  start  from  a  com- 
mon origin.  If  we  look  even  to  the  two 
main  divisions — namely,  to  the  animal 
and  vegetable  kingdoms — certain  low 
forms  are  so  far  intermediate  in  character 
that  naturalists  have  disputed  to  which 
kingdom  they  should  be  referred.  As 
Professor  Asa  Gray  has  remarked,  "  the 
spores  and  other  reproductive  bodies  of 
many  of  the  lower  algae  may  claim  to 
have  first  a  characteristically  animal, 
and  then  an  unequivocally  vegetable  ex- 
istence." Therefore,  on  the  principle  of 
natural  selection  with  divergence  of  char- 
acter, it  does  not  seem  incredible  that, 
from  some  such  low  and  intermediate 
form,  both  animals  and  plants  may  have 
been  developed ;  and,  if  we  admit  this, 
we  must  likewise  admit  that  all  the  or- 
ganic beings  which  have  ever  lived  on 
this  earth  may  be  descended  from  some 
one  primordial  form.  But  this  inference 
is  chiefly  grounded  on  analogy,  and  it  is 
immaterial  whether  or  not  it  be  accepted. 
No  doubt  it  is  possible,  as  Mr.  G.  H. 
Lewes  has  urged,  that  at  the  first  com- 
mencement of  life  many  different  forms 
were  evolved ;  but  if  so,  we  may  conclude 
that  only  a  very  few  have  left  modified 
descendants.  For,  as  I  have  recently  re- 
marked in  regard  to  the  members  of  each 
great  kingdom,  such  as  the  Vertebrata, 
Articulata,  etc.,  we  have  distinct  evidence 
in  their  embryological,  homologous,  and 
rudimentary  structures,  that  within  each 
kingdom  all  the  members  are  descended 
from  a  single  progenitor. 

8 1 6.  When  the  views  advanced  by  me 
in  this  volume,  and  by  Mr.  Wallace,  or 
when  analogous  views  on  the  origin  of 
species  are  generally  admitted,  we  can 
dimly  foresee  that  there  will  be  a  consid- 
erable revolution  in  natural  history.  Sys- 
tematists  will  be  able  to  pursue  their  la- 
bors as  at  present ;  but  they  will  not  be 
incessantly  haunted  by  the  shadowy 
doubt  whether  this  or  that  form  be  a  true 
species.  This,  I  feel  sure  and  I  speak 
after  experience,  will  be  no  slight  relief. 
The  endless  disputes  whether  or  not  some 
fifty  species  of  British  brambles  are  good 
species  will  cease.  Systematists  will  have 
only  to  decide  (not  that  this  will  be  easy) 
whether  any  form  be  sufficiently  constant 


and  distinct  from  other  forms,  to  be  ca- 
pable of  definition ;  and  if  definable, 
whether  the  differences  be  sufficiently  im- 
portant to  deserve  a  specific  name.  This 
latter  point  will  become  a  far  more  es- 
sential consideration  than  it  is  at  present ; 
for  differences,  however  slight,  between 
any  two  forms,  if  not  blended  by  inter- 
mediate gradations,  are  looked  at  by 
most  naturalists  as  sufficient  to  raise  both 
forms  to  the  rank  of  species. 

817.  Hereafter  we  shall  be  compelled 
to  acknowledge  that  the  only  distinction 
between  species  and  well-marked  varie- 
ties is,  that  the  latter  are  known,  or  be- 
lieved, to  be  connected  at  the  present  day 
by  intermediate  gradations,  whereas  spe- 
cies    were     formerly     thus    connected. 
Hence,  without  rejecting  the  considera- 
tion of  the  present  existence  of  interme- 
diate gradations  between  any  two  forms, 
we  shall  be  led  to  weigh  more  carefully 
and  to  value  higher  the  actual  amount  of 
difference   between    them.      It    is    quite 
possible   that  forms  now  generally  ac- 
knowledged to  be  merely  varieties  may 
hereafter  be  thought  worthy  of  specific 
names ;   and  in  this  case  scientific  and 
common  language  will  come  into  accord- 
ance.    In  short,  we  shall  have  to  treat 
species  in  the  same  manner  as  those  nat- 
uralists treat  genera,  who  admit  that  gen- 
era   are    merely  artificial    combinations 
made  for  convenience.     This  may  not  be 
a  cheering  prospect ;  but  we  shall  at  least 
be  freed  from  the  vain  search  for  the  un- 
discovered and  undiscoverable  essence  of 
the  term  species. 

8 1 8.  The  other  and  more  general  de- 
partments   ot   natural    history  will    rise 
greatly  in  interest.     The  terms  used  by 
naturalists,  of  affinity,  relationship,  com- 
munity of  type,  paternity,  morphology, 
adaptive    characters,     rudimentary    and 
aborted   organs,   etc.,   will  cease    to   be 
metaphorical,  and  will  have  a  plain  sig- 
nification.    When  we  no  longer  look  at 
an  organic  being  as  a  savage  looks  at  a 
ship,    as   something   wholly  beyond   his 
comprehension;    when  we  regard  every 
production  of  nature  as  one  which  has 
had  a  long  history ;  when  we  contemplate 
every  complex  structure  and  instinct  as 
the  summing  up  of  many  contrivances, 
each  useful  to  the  possessor,  in  the  same 
way  as  any  great  mechanical  invention  is 
the  summing  up  of  the  labor,  the  expe- 
rience, the  reason,  and  even  the  blunders 
of  numerous  workmen  ;    when  we  thus 
view  each  organic  being,  how  far  more 
interesting, — I  speak  from  experience, — 
does  the  studv  of  natural  history  become  1 
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819.  A  grand  and  almost  untrodden 
field  of  inquiry  will  be  opened,  on   the 
causes  and  laws  of  variation,  on  correla- 
.don,  on  the  effects  of  use  and  disuse,  on 
Ac  direct  action  of  external  conditions, 
and  so  forth.    The  study  of  domestic 
productions  will  rise  immensely  in  value. 
A  new  variety  raised  by  man  will  be  a 
more  important  and  interesting  subject 
for  study  than  one  more  species  added  to 
the  infinitude  of  already  recorded  spe- 
cies.    Our  classifications  will  come  to  be, 
as  far  as  they  can  be  so  made,  genealo- 
gies :  and  will  then  truly  give  what  may 
be  called  the  plan  of  creation.     The  rules 
for  classifying  will  no  doubt  become  sim- 
pler when  we  have  a  definite  object  in 
view.     We  possess  no  pedigrees  or  ar- 
morial bearings ;  and  we  have  to  discover 
and  trace    the  many  diverging  lines  of 
descent  in  our  natural  genealogies,  by 
characters  of  any  kind  which  have  long 
been  inherited.     Rudimentary  organs  will 
speak  infallibly  with  respect  to  the  nature 
of    long-lost    structures.      Species    and 
groups  of  species  which  are  called  aber- 
rant, and  which  may  fancifully  be  called 
living  fossils,  will   aid  us  in   forming  a 
picture  of  the  ancient  forms  of  life.     Em- 
bryology will    often    reveal    to  us    the 
structure    in  some  degree  obscured,  of 
the  prototypes  of  each  great  class. 

820.  When  we  can  feel  assured  that  all 
the  individuals  of  the  same  species,  and 
all  the  closely  allied  species  of  most  gen- 
era have  within  a  not  very  remote  period 
descended   from  one   parent,  and   have 
migrated  from  some  one  birth-place ;  and 
when  we  better  know  the  many  means  of 
migration,  then,  by  the  light  which  ge- 
ology now  throws,  and  will  continue  to 
throw,  on  former  changes  of  climate  and 
of  the  level  of  the  land,  we  shall  surely  be 
enabled  to  trace  in  an  admirable  manner 
the  former  migrations  of  the  inhabitants 
of  the  whole  world.     Even  at  present,  by 
comparing  the  differences  between  the 
inhabitants  of  the   sea  on  the  opposite 
sides  of  a  continent,  and  the   nature  of 
the  various  inhabitants  on  that  continent 
in  relation  to  their  apparent  means  of 
immigration,  some  light  can  be  thrown  on 
ancient  geography. 

821.  The  noble    science    of    Geology 
loses  glory  from  the  extreme  imperfection 
of  the  record.     The  crust  of  the   earth 
with  its  embedded  remains  must  not  be 
looked  at  as  a  well-filled  museum,  but  as 
a  poor  collection  made  at  hazard  and  at 
rare  intervals.    The  accumulation  of  each 
great  fossiliferous   formation  will  be  re- 
cognized as  having  depended  on  an  un- 
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usual  concurrence  of  favorable  circum- 
stances, and  the  blank  intervals  between 
the  successive  stages  as  having  been  of 
vast  duration.  But  we  shall  be  able  to 
gauge  with  some  security  the  duration  of 
these  intervals  by  a  comparison  of  the 
preceding  and  succeeding  organic  forms. 
We  must  be  cautious  in  attempting  to 
correlate  as  strictly  contemporaneous 
two  formations,  which  do  not  include 
many  identical  species,  by  the  general 
succession  of  the  forms  of  life.  As 
species  are  produced  and  exterminat- 
ed by  slowly  acting  and  still  existing 
causes,  and  not  by  miraculous  acts  of 
creation ;  and  as  the  most  important  of 
all  causes  of  organic  change  is  one  which 
is  almost  independent  of  altered  and  per- 
haps suddenly  altered  physical  conditions, 
namely,  the  mutual  relation  of  organism 
to  organism, — the  improvement  of  one 
organism  entailing  the  improvement  or 
the  extermination  of  others ;  it  follows, 
that  the  amount  of  organic  change  in  the 
fossils  of  consecutive  formations  probably 
serves  as  a  fair  measure  of  the  relative., 
though  not  actual  lapse  of  time.  A  num- 
ber of  species,  however,  keeping  in  a  body 
might  remain  for  a  long  period  unchanged, 
while  within  the  same  period,  several  oJ 
these  species,  by  migrating  into  new 
countries  and  coming  into  competition 
with  foreign  associates,  might  become 
modified  ;  so  that  we  must  not  overrate 
the  accuracy  of  organic  change  as  a  meas- 
ure of  time. 

822.  In  the  future  I  see  open  fields  for 
far  more  important  researches.     Psychol- 
ogy will  be  securely  based  on  the  founda- 
tion already  well   laid   by  Mr.  Herbert 
Spencer,  that  of  the  necessary  acquire- 
ment of  each  mental  power  and  capacity 
by  gradation.    Much  light  will  be  thrown 
on  the  origin  of  man  and  his  history. 

823.  Authors  of  the  highest  eminence 
seem  to   be  fully  satisfied  with  the  view 
that  each  species  has  been  independently 
created.     To  my  mind   it  accords  better 
with  what  we  know  of  the  laws  impressed 
on  matter  by  the  Creator,  that  the  pro- 
duction and  extinction  of  the  past  and 
present   inhabitants  of  the  world   should 
have  been  due  to   secondary  causes,  like 
those  determining  the  birth  and  death  of 
the  individual.     When  I  view  all  beings 
not  as  special  creations,  but  as  the  lineal 
descendants  of   some  few   beings   which 
lived  long  before  the   first   bed   of  the 
Cambrian   system  was    deposited,   they 
seem  to  me  to  become  ennobled.     Judg- 
ing from  the  past,  we  may   safely  infer 
that  not  one  living  species  will  transmi 
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;ts  unaltered  likeness  to  a  distant  futurity. 
And  of  the  species  now  living  very  few 
will  transmit  progeny  of  any  kind  to  a 
far  distant  futurity :  for  the  manner  in 
which  all  organic  beings  are  grouped, 
shows  that  the  greater  number  of  species 
in  each  genus,  and  all  the  species  in  many 
genera,  have  left  no  descendants,  but  have 
become  utterly  extinct.  We  can  so  far 
take  a  prophetic  glance  into  futurity  as  to 
foretell  that  it  will  be  the  common  and 
widely-spread  species,  belonging  to  the 
larger  and  dominant  groups  within  each 
class,  which  will  ultimately  prevail  and 
procreate  new  and  dominant  species. 
As  all  the  living  forms  of  life  are  the  lineal 
descendants  of  those  which  lived  long 
before  the  Cambrian  epoch,  we  may  feel 
certain  that  the  ordinary  succession  by 
generation  has  never  once  been  broken, 
and  that  no  cataclysm  has  desolated  the 
whole  world.  Hence  we  may  look  with 
some  confidence  to  a  secure  future  of  great 
length.  And  as  natural  selection  works 
solely  by  and  for  the  good  of  each  being, 
all  corporeal  and  mental  endowments  will 
lend  to  progress  toward  perfection. 

824.  It  is  interesting  to  contemplate  a 
angled  bank,  clothed  with  many  plants 
of  many  kinds,  with  birds  singing  on  the 
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bushes,  with  various  insects  flitting  about, 
and  with  worms  crawling  through  the 
damp  earth,  and  to  reflect  that  these  elab- 
orately constructed  forms,  so  different 
from  each  other,  and  dependent  upon 
each  other  in  so  complex  a  manner,  have 
all  been  produced  by  laws  acting  around 
us.  These  laws,  taken  in  the  largest 
sense,  being  Growth  with  Reproduction  ; 
Inheritance  which  is  almost  implied  by 
reproduction ;  Variability  from  the  indi- 
rect and  direct  action  of  the  conditions  of 
life,  and  from  use  and  disuse  :  a  Ratio  of 
Increase  so  high  as  to  lead  to  a  Struggle 
for  Life,  and  as  a  consequence  to  Natural 
Selection,  entailing  Divergence  of  Charac- 
ter and  the  Extinction  of  less-improved 
forms.  Thus,  from  the  war  of  nature, 
from  famine  and  death,  the  most  exalted 
object  which  we  are  capable  of  conceiv- 
ing, namely,  the  production  of  the  higher 
animals,  directly  follows.  There  is  gran- 
deur in  this  view  of  life,  with  its  several 
powers,  having  been  originally  breathed 
by  the  Creator  into  a  few  forms  or  into 
one  ;  and  that,  while  this  planet  has  gone 
cycling  on  according  to  the  fixed  law  of 
gravity,  from  so  simple  a  beginning  end- 
less forms  most  beautiful  and  most  won- 
derful have  h-«n.  and  are  being  evol^ec 
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Abyssinia,  plants  of,  653 
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— ,  on  embryological  succession, 

600 

— ,  on  the  Glacial  period,  633 
— ,  on  embryological  characters, 

696 

— ,  on  the  latest  tertiary  forms,  537 
— ,  on  parallelism  of  embryologi- 
cal development  and  geological 
succession,  751 

— ,  Alex.,  on  pedicellariae,  361 
Algae  of  New  Zealand,  649 
Alligators,  males,  fighting,  121 
Alternate  generations,  732 
Amblyopsis,  blind  fish,  204 
America,  North,  productions  al- 
lied to  those  of  Europe,  639 
— ,  — ,  boulders  and  glaciers  of, 

644 
— ,  South,  no  modern  formations 

on  west  coast,  524 
Ammonites,  sudden  extinction  of, 

Anagallis,  sterility  of,  450 

Analogy  of  variations,  232 

Ancylus,  660 

Andaman  Islands  inhabited  by  a 
toad,  669 

Animals,  not  domesticated  from 
being  variable,  22 

— ,  domestic,  descended  from  sev- 
eral stocks,  25 

•— ,  — ,  acclimatization  of,  205 

—  of  Australia,  162 

—  with  thicker  fur  in   cold  cli- 
mates, 195 

Animals,  blind,  in  caves,  202 

— ,  extinct,  of  Australia,  601 

Anomma,  440 

Antarctic  islands,  ancient  flora  of, 
675 

Antechinus,  706 

Ants  attending  aphides,  396 

— ,  slave-making  instinct,   413 

— ,  neuters,  structure  of,  438 

Apes  not  having  acquired  intel- 
lectual powers,  343 

Aphides,  attended  by  ants,  396 

Aphis,  development  of,  738 

Apteryx,  263 

Arab  horses,  43 

Aralo-Caspian  Sea,  601 

Archeopteryx,  550 

Archiac,  M.  de,  on  the  succession 
of  species.  578 

Artichoke,  Jerusalem,  207 

Ascension,  plants  of,  665 


Asclepias,  pollen  of,  387 
Asparagus,  625 
Aspicarpa,  694 
Asses,  striped,  234 
— ,  improved  by  selection,  53 
Ateuchus,  199 

Aucapitaine,  on  land-shells,  673 
Audubon,   on  habits  of  frigate- 
bird,  269 
— ,  on  variation  in  birds'  nests, 

397 

— ,  on  heron  eating  seeds,  662 
Australia,  animals  of,  162 
— ,  dogs  of,  402 
— ,  extinct  animals  of,  601 
— ,  European  plants  in,  648 
— ,  glaciers  of,  643 
Azara,  on  flies  destroying  cattle, 

99 
Azores,  flora  of,  631 

BABINGTON,  MR.,  on  British 
plants,  62 

Baer,  Von,  standard  of  High- 
ness, 180 

— ,  comparison  of  bee  and  fish, 
598 

— .  embryonic  similarity  of  the 
Vertebrata,  734 

Baker,  Sir  S.,  on  the  giraffe,  338 

Balancement  of  growth,  215 

Baleen,  347 

Barberry,  flowers  of,  135 

Barrande,  M.,  on  Silurian  colo- 
nies, 561 

— ,  on  the  succession  of  species, 
578 

— ,  on  parallelism  of  palaeozoic 
formations,  582 

— ,  on  affinities  of  ancient  species, 
584 

Barriers,  importance  of,  614 

Bates,  Mr.,  on  mimetic  butter- 
flies, 711 

Batrachians  on  islands,  669 

Bats,  how  structure  acquired,  262 

— ,  distribution  of,  670 

Bear,  catching  water-insects,  266 

Beauty,  how  acquired,  302,  792 

Bee,  sting  of,  308 

— ,  queen,  killing  rivals,  308 

— ,  Australian,  extermination  of, 
103 

Bees  fertilizing  flowers,  100 

— ,  hive,  not  sucking  the  red 
clover,  130 

— ,  Ligurian,  138 

— ,  hive,  cell-making  instinct,  419 

— ,  variation  in  habits,  397 

— ,  parasitic,  411 

— ,  humble,  cells  of,  419 

Beetles,  wingless,  in  Wadeira,  200 

—  with  deficient  tarsi,  199 

Bentham,  Mr.,  on  British  plants, 
62 

— ,  on  classification.  698 


Berkeley,  Mr.,  on  seeds  in  salt 

water,  625 

Bermuda  birds  of,  666 
Birds  acquiring  fear,  397 
— ,  beauty  of,  304 

•,  annually  cross  the  Atlantic, 

632 

— ,  color  of,  on  continents,  194 
— ,  footsteps,  and  remains  of,  in 

secondary  rocks,  550 
— ,  fossil,  in  caves  of  Brazil,  601 
— ,  of    Madeira,    Bermuda,   and 

Galapagos,  666 
— ,  song  of  males,  122 

—  transporting  seeds,  630 
— ,  waders,  661 

— ,  wingless,  198,  263 

Bizcacha,  616 

— ,  affinities  of,  717 

Bladder  for  swimming,  in  fish,  280 

Blindness  of  cave  animals,  202 

Blyth,    Mr.,   on    distinctness   of 

Indian  cattle,  24 
— ,  on  striped  hemionus,  234 
— ,  on  crossed  geese,  457 
Borrow,    Mr.,   on    the    Spanish 

pointer,  ^2 
Bory  St.  Vincent,  on  Batrachians, 

669 
Bosquet,  M.,  on  fossil  Chthama- 

lus,  551 
Boulders,  erratic ,  on  the  Azores, 

631 
Branchiae,  283 

—  of  crustaceans,  288 

Braun,  Prof.,  on  the  seeds  of 
Fumariaceae,  329 

Brent,  Mr.,  on  house-tumblers, 
401 

Britain,  mammals  of,  671. 

Broca,  Prof.,  on  Natural  Selec- 
tion, 322 

Bronn,  Prof.,  on  duration  of  spe- 
cific forms,  532 

— ,  various  objections  by,  322 

Brown,  Robert,  on  classification, 

— ,  Se"quard,  on  inherited  mutila- 
tions, 199 

Busk,  Mr.,  on  the  Polyzoa,  366 

Butterflies,  mimetic,  711 

Buzareingues,  on  sterility  of  va- 
rieties, 492 

CABBAGE,  varieties  of,  crossed,  136 

Calceolaria,  455 

Canary-birds,  sterility  of  hybrids, 
456 

Cape  de  Verde  islands,  produc- 
tions of,  674 

— ,  plants  of,  on  mountains,  647 

Cape  of  Good  Hope,  plants  of, 
187,  665 

Carpenter,  Dr.,  on  foraminifera, 

597 
Carthamus,  329 


*  The  reference  is  to  the  numbered  sections  of  the  icx. 
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Catasetutn,  293,  703 

Cats,  with  blue  eyes,  deaf,  16 

— ,  variation  in  habits  of,  399 

— ,  curling  tail  when  going  to 
spring,  305 

Cattle  destroying  fir-trees,  98 

—  destroyed  by  flies  in  Paraguay, 
99 

— ,  breeds  of,  locally  extinct,  155 

— ,  fertility  of  Indian  and  Euro- 
pean breeds,  458 

— ,  Indian,  24,  458 

Cave,  inhabitants  of  blind,  203 

Cecidomyia,  732 

Celts,  proving  antiquity  of  man, 
23 

Centers  of  creation,  620 

Cephalopodse,  structure  of  eyes. 
287 

— ,  development  of,  738 

Cercopithecus,  tail  of,  358 

Ceroxylus  laceratus,  346 

Cervulus,  457 

Cetacea,  teeth  and  hair,  211 

— ,  development  of  the  wk*Je- 
bone,  347 

Cetaceans,  347 

Ceylon,  plants  of,  648,  651 

Chalk  formation,  575 

Characters,  divergence  of,  156 

— ,  sexual,  variable,  220,  226 

— ,  adaptive  or  analogical,  706 

Charlock,  103 

Checks  to  increase,  93 

,  mutual,  98 

Chelae  of  Crustaceans,  366 

Chickens,  instinctive  tameness 
of,  402 

Chironomus,  its  asexual  repro- 
duction, 733 

Chthamalinae.  521 

Chthamalus,  cretacean  species  of, 
S5i 

Circumstances  favorable  to  se- 
lection of  domestic  products,  52 

to  natural  selection,  141 

Cirripedes  capable  of  crossing,  138 

— ,  carapace  aborted,  216 

— ,  their  ovigerous  frena,  283 

— ,  fossil,  551 

— ,  larvae  o*.,  737 

Claparede,  Prof.,  on  the  hair- 
claspers  of  the  Acaridae,  290. 

Clarke,  Rev.  W.  B.,  on  old  gla- 
ciers in  Australia,  643 

Classification,  688 

Clift,  Mr.,  on  the  succession  of 
types,  601 

Climate,  effects  of,  in  checking 
increase  of  beings,  95 

--,  adaptation  of,  to  organisms, 
205 

Climbing  plants,  280 

— ,  development  of,  372 

Clover  visited  by  bees,'i3o 

Cobites,  intestine  of,  279 

Cockroach,  103 

Collections,palaeontological,poor, 
521 

Color  influenced  by  climate,  194 

— ,  in  relation  to  attacks  by  flies, 
301 

Columba  livia,  parent  of  domes- 
tic pigeons,  29 

Colymbetes,  660 

Compensation  of  growth,  215 

Compositae,  flowers  and  seeds  of, 

212 

— ,  outer  and  inner  florets  of,  329 

— ,  male  flowers  of,  755 

Conclusion,  general,  805 

Conditions,  slight  changes  in,  fa- 
vorable to  fertility,  480 

Convergence  of  character,  186 

Coot,  209 

Cope,  Prof.,  on  the  acceleration 
or  retardation  of  the  period  of 
reproduction,  284 


Coral-islands,  seeds  drifted  to,  326 

—  reefs,    indicating   movements 
of  earth,  627 

Corn-crake,  270 

Correlated  variation  in  domestic 
productions,  16 

Coryamhes,  292 

Creation,  single  centers  of,  620 

Crinum,  454 

Croll,  Mr.,  on  subaerial  denuda- 
tion, 515,  519 

— ,  on  the  age  of  our  oldest  for- 
mations, 555 

— ,  on  alternate  Glacial  periods 
in  the  North  and  South,  645 

Crosses,  reciprocal,  466 

Crossing  of  domestic  animals, 
importance  in  altering  breeds, 
25 

— ,  advantages  of,  134, 135 

— ,  unfavorable  to  selection,  141 

Criiger,  Dr.,  on  Coryanthes,  292 

Crustacea  of  New  Zealand,  654 

Crustacean,  blind,  203 

—  air-breathers,  288 
Crustaceans,  their  chelae,  367 
Cryptocerus,  438 
Ctenomys,  blind,  202 
Cuckoo,  instinct  of,  391-405 
Cunningham,  Mr.,  on  the  flight 

of  the  logger-headed  duck,  198 
Currants,  grafts  of,  470 
Currents  of  sea,  rate  of,  625 
Cuvier,  on   conditions   of  exist- 
ence, 392 

— ,  on  fossil  monkeys,  550 
— ,  Fred.,  on  instinct,  392 
Cyclostoma,  resisting  salt  water, 
673 

DANA,  PROF.,  on  blind  cave-ani- 
mals, 204 

— .on  relations  of  crustaceans  of 
Japan,  641 

— .  on  crustaceans  of  New  Zea- 
land, 650 

Dawson,  Dr.,  on  eozoon,  556 

De  Candolle,  Aug.  Pyr.,on  strug- 
gle for  existence,  85 

— ,  on  umbelliferae,  21? 

— ,  on  general  affinities.,  716 

De  Candolle,  Alph.,  on  the  varia- 
bility of  oaks,  67 

— ,  on  low  plants,  widely  dis- 
persed, 570 

— ,  on  widely-ranging  plants  be- 
ing variable,  74 

— ,  on  naturalization,  161 

— ,  on  winged  seeds,  214 

— ,  on  Alpine  species  suddenly 
becoming'  rare,  252 

— .  on  distribution  of  plants  with 
large  seeds,  627 

— ,  on    vegetation    of  Australia, 

654 

— ,  on  fresh-water  plants,  661 
— ,  on  insular  plants,  665 
Degradation  of  rocks,  514 
Denudation,  rate  of,  517 

—  of  oldest  rocks,  556 

—  of  granitic  areas,  529 
Development  of  ancient   forms, 

596 

Devonian  system,  592 
Dianthus,  fertility  of  crosses,  463 
Dimorphism  in  plants,  59,  482 
Dirt  on  feet  of  birds,  482 
Dispersal,  means  of,  624 

—  during  Glacial  period,  633 
Distribution,  geographical,  612 
— ;  means  of,  624 

Disuse,  effects  of,  under  nature, 

198 

Divergence  of  character,  156 
Di  /ersification  of  means  for  same 

general  purpose,  291 
Division,  physiological,  of  labor; 

162 
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Dog,  resemblance  of  law  to  that 

of  the  Thylacinus,  708 
Dogs,    hairless,    with    imperfect 

teeth,  15 

—  descended   from    several  wild 
stocks,  25 

— ,  domestic  instincts  of,  400 

Dogs,  inherited  civilization  of,  401 

— ,  fertility  of  breeds  together,  458 

— ,  —  of  crosses,  489 

—,  proportions  of  body  in  differ- 
ent breeds,  when  young,  743 

Domestication,  variation  under, 
10 

Double  flowers,  137 

Downing,  Mr.,  on  fruit-trees  in 
America,  116 

Dragon-flies,  intestines  of,  279 

Drift-timber,  627 

Driver-ant,  440 

Drones  killed  by  other  bees,  308 

Duck,  domestic  wings  ot,  re- 
duced, 15 

— ,  beak  of,  349 

— ,  logger-headed,  263 

Duckweed,  660 

Dugong,  affinities  of,  691 

Dung-beetles  with  deficient  tarsi, 
199 

Dytiscus,  660 

EARL,  MR.  W..  on  the  Malay 
Archipelago,  671 

Ears,  d«x>pmg,  in  domestic  ani- 
mals, if 

— ,  rudimentary,  760 

Earth,  seeds  in  roots  of  trees,  627 

—  charged  with  seeds,  630 
Echinodermata.  their   pedicella- 

riae,  3611 

Ecitoft.  4j<! 

Economy  of  •-Tganization,  438 

Edemata,  teeth  and  hair,  211 

— ,  fossil  species  of,  798 

Edwards,  Milne,  on  physiologi- 
cal division  of  labor,  162 

— ,  on  gradations  of  structure,  295 

— ,  on  embryological  characters,, 
696 

Eggs,  young  birds  escaping  from, 
119 

Egypt,  productions  of,  not  modi 
hed, 320 

Electric  organs,  285 

Elephant,  rate  of  increase,  88 

— ,  of  Glacial  period,  206 

Embryology,  732 

Eozoon  Canadense,  556 

Epilepsy  inherited,  198 

Existence,  struggle  for,  83 

— ,  conditions  of,  317 

Extinction,  as  bearing  on  natu 
ral  selection,  179 

—  of  domestic  varieties,  171 
— ,  567 

Eye,  structure  of,  273 

— ,  correction  for  aberration,  307 

Eyes  reduced  in  moles,  202 

FABRE,  M.,  on  hymenoptera  fight- 
ing, 121 

— ,  on  parasitic  sphex,  411 

— ,  on  Sitaris,  749 

Falconer,  Dr.,  on  naturalization 
of  plants  in  India,  89 

— ,  on  elephants  and  mastodons, 
593 

—  and  Cautley,  on  mammals  of 
sub-Himalayan  beds,  602 

Falkland  Islands,  wolf  of,  670 

Faults,  517 

Faunas,  marine,  615 

Fear,  instinctive,  in  birds,  413 

Feet  of  birds,  young  molluscs  ad- 
hering to,  660 

Fertilization  variously  effected, 
292,  303. 

Fertility  of  hybrids,  45* 
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Fertility,  from  slight  changes  in 

conditions,  481 

Fertility  of  crossed  varieties,  488 
Fir-trees  destroyed  by  cattle,  98 
— ,  pollen  of,  308 
Fist,  flying,  264 
— ,  teleostean,  sudden  appearance 

of,  552 

— ,  eating  seeds,  638,  663 
— ,  fresh  water,  distribution  of, 

658 
Fishes,  ganoid,  now  confined  to 

fresh  water,  149 
— ,  electric  organs  of,  385 
— ,  ganoid,  living  in  fresh  water, 

572 

— ,  of  southern  hemisphere,  651 
Flat-fish,  their  structure,  354 
Flight,  powers  of,  how  acquired, 

364 
Flint-tools,  proving  antiquity  of 

man,  23 

Flower,  Prof.,  on  the  Larynx,  360 
— ,  on  Halitherium.  583 
— ,  on  the  resemblance  between 

the  jaws  of  the  dog  and  Thyla- 

cinus,  708 
•— ,  on  the  homology  of  the  feet  of 

certain  marsupials,  722 
Flowers,  structure  of,  in  relation 

to  crossing,  128 
— ,  of  compositor  and  umbelliferae, 

213,  329 

— ,  beauty  of,  303 
— ,  double,  437 

Flysch  formation,  destitute  of  or- 
ganic remains,  521 
Forbes,  Mr.  D.,  on  glacial  action 

in  the  Andes,  644 
— ,  E.,  on  colors  of  shells,  194 
— ,  on  abrupt  range  of  shells  in 

depth,  252 
— ,  on  poorness  of.  paleontologi- 

cal  collections,  521 
— ,  on  continuous  succession   of 

genera,  565 

— ,  on  continental  extensions,  624 
— ,  on  distribution  during  Glacial 

period,  631 
— ,  on  parallelism    in  time   and 

space,  687 
Forests,  changes  in,  in  America, 

101 

Formation,  Devonian,  592 

— ,  Cambrian,  556 

Formations,  thickness  of,  in  Brit- 
ian,  518,  519 

— ,  intermittent,  535 

Formica  rufescens,  412 

— ,  sanguinea,  413 

— ,  flava.  neuter  of,  439 

Forms,  lowly  organized,  long  en- 
during, 183 

Frena,  ovigerous,  of  cirripedes, 

Fresh-water  productions,  dis- 
persal of,  659 

Fries,  on  species  in  large  genera 
being  closely  allied  to  other 
species,  78 

Frigate-bird,  269 

Frogs  on  islands,  669 

Fruit-trees,  gradual  improvement 
of,  46 

—  in  United  States,  116 

— .varieties  of,  acclimatized  in 
United  States,  116 

Fuci,  crossed,  476,  659 

Fur,  thicker  in  cold  climates,  195 

Furze,  734 

GALAPAGOS   ARCHIPELAGO,   birds 

of,  666 

— ,  productions  of,  674,  676 
Galaxiat.  ita  wide  range,  659 
Galeopithecus,  962 
Game,  increase  of,  checked    by 

vermin,  97 
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cum,  491,  493 
— ,  on  comparison  of  hybrids  and 

mongrels,  497,  499 
Gaudry,  Prof.,  on   intermediate 
genera  of   fossil  mammals  in 
Attica,  583 
Geese,  upland,  269 
Geikie,  Mr.,  on  subaerial  denuda- 
tion, 516 

Genealogy,  important  in  classifi- 
cation, 700 

Generations,  alternate,  732 
Geoffroy  St.  Hilaire,  on  balance- 

ment,  215 

— ,  on  homologous  organs,  723 
— ,  Isidore,  on  variability  of  re- 
peated parts,  218 

— ,  on  correlation,  in  monstrosi- 
ties, 16 

— ,  on  correlation,  211 
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monstrou     334 

Geograpinc     distribution,  612 
Geography,  ancient,  820 
Geology,  future  progress  of,  821 
— ,  imperfection  of  the  record,  821 
Gervais,  Prof.,  on  Typotherium, 

583 

Giraffe,  tail  of,  297 
— ,  structure  of,  336 
Glacial  period,  633 
— ,  affecting  the  North  and  South, 

643 

Glands,  mammary,  359 
Gemlin,  on  distribution,  633 
Godwin-Austen,  Mr.,  on  the  Ma- 
lay Archipelago,  542 
Goethe,     on     compensation     of 

growth,  215 
Gomphia,  330 
Gooseberry,  grafts  of,  470 
Gould,    Dr.    Aug.  A.,   on  land- 
shells,  673 

— ,  Mr.,  on  colors  of  birds,  194 
— ,  on  instincts  of  cuckoo,  408 
— ,  on  distribution  of  genera  of 

birds,  679 

Gourds,  crossed,  492 
Graba,  on  the  Una  lacrymans,  126 
Grafting,  capacity  of,  469 
Granite,  areas  of  denuded,  529 
Grasses,  varieties  of,  159 
Gray,  Dr.  Asa,  on  the  variability 

of  oaks,  67 

— ,  on  man  not  causing  variabil- 
ity, 109 

— ,  on  sexes  of  the  holly,  129 
— ,  on  trees  of  the  United  States, 

— ,  on  naturalized  plants  in  the 

United  States,  161 
— ,  on  aestivation,  330 
— ,  on  Alpine  plants,  633 
— ,  on  rarity  of  intermediate  va- 
rieties, 253 

— ,  Dr.  J.  E.,  on  striped  mule,  234 
Grebe,  268 
Grimm,  on  asexual  reproduction 
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Groups,  aberrant,  716 
Grouse,  colors  of,  116 
— ,  red,  a  doubtful  species,  63 
Growth,  compensation  of,  215 
GUnther,  Dr.,  on  flat-fish,  356 
— ,  on  prehensile  tails,  358 
— ,  on  the  fishes  of  Panama,  615 
— ,  on  the  range  of  fresh-water 

fishes,  659 
— ,  on  the  limbs  of  Lepidosiren,  756 

HAAST,  DR.,  on  glaciers  of  New 
Zealand,  643 

Habit,  effect  of,  under  domestica- 
tion, 15 
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Habit,  effect  of,  under  nature,  198 

— ,  diversified,  of  same  species,  266 

Hiickel,    Prof.,    on    classification 
and  the  lines  of  descent,  721 

Hair  and  teeth,  correlated,  an 

Halitherium,  583 

Harcourt,  Mr.  E.  V.,  or  the  birds 
of  Madeira,  666 

Hartung,  M.,  on  boulders  in  the 
Azores,  631 

Hazel-nuts,  625 

Hearne,  on  habits  of  bears,  266 

Heath,  changes  in  vegetation,  9% 

Heer,  Oswald,  on  ancient  culti 
vated  plants,  23 

— ,  on  plants  of  Madeira,  149 

Helianthemum,  330 

Helix  pomatia,  673 

Helmholtz,  M.,  on  the  imperfec- 
tion of  the  human  eye,  307 

Helosciadium,  625 

Hemionus.striped,  234 

Hensen,    Dr.,   on    the    eyes   of 
Cephalopods,  287 

Herbert,  W.,  on  struggle  for  ex- 
istence, 85 

— ,  on  sterility  of  hybrids,  453 

Hector,  Dr.,  on  glaciers  of  New 
Zealand,  643 

Hermaphrodites  crossing,  132 

Helix,  resisting  salt  water,  673 

Heron  eating  seed,  662 

Heron,  Sir  R.,  on  peacocks,  122 

Heusinger,  on  white  animals  poi- 
soned by  certain  plants,  16 

Hewitt,  Mr.,  on  sterility  of  first 
crosses,  476 

Hildebrand,  Prof.,  on  the   self- 
sterility  of  Corydalis,  454 

Hilgendorf,  on  intermediate  vari- 
eties, 531 

Himalaya,  glaciers  of,  643 

— ,  plants  of,  648 

Hippeastrum,  454 

Hippocampus^  359 

Hofmeister,  Prof.,  on  the  move- 
ments of  plants,  574 

Holly-trees,  sexes  of,  129 

Hooker,  Dr.,  on   trees  of   New 
Zealand,  139 

— ,  on  acclimatization  of  Hima- 
layan trees,  205 

— ,  on  flowers  of  umbelliferae,  212 

— ,  on  the  position  of  ovules,  327 

— ,  on  glaciers  of  Himalaya,  643 

— ,  on  algae  of  New  Zealand,  650 

— ,  on  vegetation  at  the  base  of 
the  Himalaya,  651 

— ,  on  plants  of  Tierra  del  Fuego, 
646 

— ,  on  Australian  plants,  649,  675 

— j  on  relations  of  flora  of  Amer- 
ica, 654 

— ,  on  flora  of  the  Antarctic  lands, 
656,  675 

— ,  on  the  plants  of  the  Galapa- 
gos, 667,  675 

— ,  on  glaciers  of  the  Lebanon, 

643 

— j  on  man  not  causing  variabil- 
ity, 109 

Hooker,  Dr.,  on  plants  of  moun- 
tains of  Fernando  Po,  647 
Hooks  on  palms,  300 
—  on  seeds,  on  islands,  668 
Hopkins,  Mr.,  on  denudation,  528 
Hornbill,  remarkable  instinct  of, 

445 

Horns,  rudimentary,  760 
Horse,  fossil,  in  La  Plata,  568 
— ,  proportions  of,  when  young. 

743 
Horses  destroyed  by  flies  in  Pai 

aguay.oo 
— ,  striped,  235 
Horticulturists,  selection  applied 

by,  39 
I  Huber,  on  cells  of  bees,  428 


Huber,   P.,    on    reason   blended 

with  instinct,  391 
— ,  on    habitual    nature   of    In- 
stincts, 392 

~,  on  slave-making  ants,  412 
— ,  on  Melipona  domestica,  420 
Hudson,    Mr.,   on    the    Ground- 
Woodpecker  of  La  Plata,  267 
— ,  on  the  Molothrus,  409 
Humble-bees,  cells  of,  420 
Hunter,  J.,  on  secondary  sexual 

characters,  220 
Hutton,     Captain,     on     crossed 

geese,  457 
Huxley,    Prof.,  on   structure   of 

hermaphrodites,  138 
— ,  on  affinities  of  the  Sirenia,  583 
— ,  on  forms  connecting  birds  and 

reptiles,  584 

— ,  on  homologous  organs,  731 
— ,  on  the  development  of  aphis, 

738 
Hybnds  and  mongrels  compared, 

496 

Hybridism,  446 
HyJra,  structure  of,  279 
Hymenoptera,  fighting,  121 
Hymenopterous  insect,  diving, 262 
Hyoseris,  329 

IHI.A,  216 

Icebergs  transporting  seeds,  631 

Increase,  rate  of,  87 

Individuals,  numbers  favorable 
to  selection,  141 

— ,  many,  whether  simultaneous- 
ly created,  623 

Inheritance,  laws  of,  18 

— ,  at  corresponding  ages,  18,  118 

Insects,  color  of,  fitted  for  their 
stations,  116 

— ,  sea-side,  colors  of,  194 

— ,  blind,  in  caves,  204 

— ,  luminous,  287 

— ,  their  resemblance  to  various 
objects,  344 

— ,  neuter,  438 

Instinct,  390 

— ,  not  varying  simultaneously 
with  structure,  435 

Instincts,  domestic.  399 

Intercrossing,  advantages  of,  133 

Islands,  oceanic,  665 

Isolation  favorable  to  selection, 
MS 

JAPAN,  productions  of,  641 

Java,  plants  of,  648 

Jones  Mr.  J.  M  ,  on  the  birds  of 
Bermuda,  666 

Jourdain,  M.,  on  the  eye-spots  of 
star-fishes,  273 

Jukes,  Prof.,  on  subaerial  denu- 
dation, 515 

Jussieu,  on  classification,  694 

KENTUCKY,  caves  of,  204 
Kerguelen-land,  flora  of,  656,  675 
Kidney-bean,  acclimatization  of, 

207 

Kidneys  of  birds,  210 
Kirby,  on  tarsi  deficient  in  bee- 
tles, 199 

Knight,  Andrew,  on  cause  of  va- 
riation, 10 

Kolreuter,  on  Intercrossing,  132 
— ,  on  the  barberry,  135 
— ,  on  sterility  of  hybrids,  451 
— ,  on  reciprocal  crosses,  465 
— ,  on  crossed  varieties  of  nico- 

tiana,  494 

— ,  on  crossing  male  and  hermaph- 
rodite flowers,  754 

LAMARCK,  on  adaptive  characters, 

706 

Lancelot,  183 
— .  eyes  of,  276 
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Landois,  on  the  development  of 
the  wings  of  insects,  282 

Land-shells,  distribution  of,  673 

— ,  of  Madeira,  naturalized,  677 

— ,  resisting  salt  wa>er,  673 

Languages,  classification  of,  701 

Lankester,  Mr.  E.  Ray,  on  Lon- 
gevity, 310 

— ,  on  homologies,  730 

Lapse,  great,  of  time,  514 

Larvae,  734,  736 

Laurentian  formation,  556 

Laws  of  variation.  193 

Leech,  varieties  ot,  102 

Leguminosae,  nectar  secreted  by 
glands.  128 

Leibnitz  attack  on  Newton,  806 

Lepidosiren,  149,  586 

— ,  limbs  in  a  nascent  condition, 
756 

Lewes,  Mr.  G.  H.,  on  species  not 
having  changed  in  Egypt,  320 

— ,  on  the  Salamandra  atra,  754 

— ,  on  many  forms  of  life  having 
been  at  first  evolved,  815 

Life,  struggle  for,  85 

Lingula,  Silurian,  554 

Linnaeus,  aphorism  of,  690 

Lion,  mane  of,  121 

— ,  young  of,  striped,  734 

Lobelia  fulgens,  100,  135 

— ,  sterility  of  crosses,  454 

Lockwood,  Mr.,  on  the  ova  of  the 
Hippocampus,  359 

Locusts  transporting  seeds,  629 

Logan,  Sir  W.,  on  Laurentian 
formation,  556 

Lowe,  Rev.  R.  J.,  on  locusts  vis- 
iting Madeira,  629 
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with  variability,  218 

— ,  related  to  wide  distribution,  68 1 

Lubbock,  Sir  J.,  on  the  nerves  of 
coccus,  38 

— ,  on  secondary  sexual  charac- 
ters, 227 

—  on  a  diving  hymenopterous  in- 
sect, 268 

— ,  on  affinities.  541 

— ,  on  metamorphoses,  732,  736 

Lucas,  Dr.  P.,  on  inheritance,  17 

— ,  on  resemblance  of  child  to 
parent,  502 

Lund  and  Clausen,  on  fossils  of 
Brazil,  601 

Lyell,  Sir  C.,  on  the  struggle  for 
existence,  85 

— ,  on  modern  changes  of  the 
earth,  131 

— ,  on  terrestrial  animals  not  hav- 
ing been  developed  on  islands, 
S42 

— ,  on  a  carboniferous  land-shell, 
522 

— ,  on  strata  beneath  Silurian  sys- 
tem, 556 

— ,  on  the  imperfection  of  the  ge- 
ological record,  559 

— ,  on  the  appearance  of  species, 

559 

— ,  on  Barrande's  colonies,  561 

— ,  on  tertiary  formations  of  Eu- 
rope and  North  America,  15 

— ,  on  parallelism  of  tertiary  for- 
mations, 582 

— ,  on  transport  of  seeds  by  ice- 
bergs, 631 

— ,  on  great  alternations  of  cli- 
mate, 657 

— ,  on  the  distribution  of  fresh- 
water shells,  660 

— ,  on  land-shells  of  Madeira,  677 

Lyell  and  Dawson  on  fossilized 
trees  in  Nova  Scotia,  535 

Lythrum  salicaria,  trimorphic,  485 

MACLKAY,  on  analogical  charac- 
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Macrauchenia,  583 

M'Donnell,  Dr.,  on  electric  ot 

gans,  285 

Madeira,  plants  of,  149 
— ,  beetles  of,  wingless,  200 
— ,  fossil  land-shells  of,  601 
— ,  birds  of,  666 
Magpie  tame  in  Norway,  397 
Males  fighting,  122 
Maize,  crossed,  491 
Malay  Archipelago  compared  with 

Europe,  542 
— ,  mammals  of,  671 
Malm,  on  flat-fish,  355 
Malpighiaceas,  694 
— ,  small   imperfect   flowers   o\ 

328 

Mammae,  their  development,  359 
— ,  rudimentary,  397 
Mammals,    fossil,    in    secondary 

formation,  753 
— ,  insular,  671 
Man,  origin  of,  822 
Marsupials  of  Australia,  162 
— ,  structure  of  their  feet,  729 
— ,  fossil  species  of,  601 
Martens,     M.,     experiment     on 

seeds,  626 
Martin,  Mr.  W.  C..  on   striped 

mules,  238 

Masters,  Dr.,  on  Saponaria,  330 
Matteucci,  on  the  electric  organs 

of  rays,  285 
Matthiola,  reciprocal  crosses  of, 

465 

Maurandia,  373 
Means  of  dispersal,  624 
Mellipona  domestica,  420 
Merrell,  Dr.,  on    the    American 

cuckoo,  405 
Metamorphism    of   oldest  rocks, 

556 

Mice  destroying  bees,  98 
— ,  acclimatization  of,  206 
— ,  tails  of,  258 
Miller,  Prof.,  on  the  cells  of  bees, 

421,  428 

Mirabilis,  crosses  of,  465 
Missel-thrush,  103 
Mistletoe,  complex  relations  of,  5 
Mivart,  Mr.,  on  the  relation  of 

hair  and  teeth,  211 
— ,  on  the  eyes  of  cephalopods,  287 
— ,  various  objections  to  Natural 
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— ,  on  abrupt  modifications,  382 
— ,  on   the   resemblance    of  the 

mouse  and  antechinus,  706 
Mocking-thnuh   of  the  Galapa- 
gos, 077 

Modification  of  species  not  ab- 
rupt, 812 
Moles,  blind,  203 
Molothrus,  habits  of,  400 
Mongrels,  fertility  and  sterility 

of,  488 

—  and  hybrids  compared,  496 
M  inkeys,  fossil,  551 
Monachanthus,  703 
Mons,  Van,  on  the  origin  of  fruit 

trees,  35 

Monstrosities,  56 
Moquin  -  Tandon,     on     sea-side 

plants,  194 
Morphology,  722 
Morten,  on  the  .eaves  of  Oxalis, 
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Moths,  hybrid,  476 

Mozart,  musical  powers  of,  393 

Mud,  seeds  in,  661 

Mules,  striped,  237 

MUller,  Adolf,  on  the  instincts  of 
the  cuckoo,  405 

MUller,  L)r.  Ferdinand,  on  Aipme 
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MtUlcr,  Fritr,  on    air-breathing 

crustaceans,  388 
^-,  on  climbing  plants,  373 
— ,  on  the  self-sterility  of  orchids, 

454 

— ,  on  embryology  in  relation  to 
classification,  695 

— ,  on  the  metamorphoses  of  crus- 
taceans, 739,  750 

— ,  on  terrestrial  and  fresh-water 
organisms  not  undergoing  any 
metamorphosis,  747 

Multiplication  of  species  not  in- 
definite, 187 

Murchison,  Sir  R.,  on  the  forma- 
tions of  Russia,  523 

— ,  on  azoic  formations,  556 

— ,  on  extinction,  567 

Murie,  Dr.,  on  the  modification 
of  the  skull  in  old  age,  284 

Murray,  Mr.  A.,  on  cave-insects, 
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Mustela  vision,  259 

Myanthus,  703 

Myrmecocystus,  438 

Myrmica,  eyes  of,  439 

NAGELI,  on  morphological  char- 
acters, 322 

Nails,  rudimentary,  759 
Nathusius.  Von,  on  pigs,  301 
Natural  history,  future  progress 
of,  819 

—  selection,  109  * 

—  system,  690 
Naturalization  of  forms  distinct 

from   the   indigenous    species, 
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—  in  New  Zealand,  307 
Naudin,  on  analogous  variations 

in  gourds,  329 
— ,  on  hybrid  gourds,  492 
— ,  on  reversion,  499 
Nautilus,  Silurian,  554 
Nectar  of  plants,  128 
Nectaries,  how  formed,  128 
Nelumbium  luteum,  662 
Nests,  variation  in,  397, 433,  445 
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New  Zealand,  productions  of,  not 
perfect,  307 

— ,  naturalized  products  of,  599 

— ,  fossil  birds  of,  601 

— ,  glaciers  of,  643 

— ,  crustaceans  of,  650 

— ,  algae  of,  650 

— ,  flora  of,  674 

— ,  number  of  plants  of,  665 

Newton,  Sir  I.,  attacked  for  irre- 
ligion,  806 

— ,  Prof.,  on  earth  attached  to  a 
partridge's  foot,  630 

Nicotiana,  crossed  varieties  of, 
494 

— ,  certain  species  very  sterile,  463 

Nitsche,  Dr.,  on  the  Polyzoa,  366 

Noble,  Mr.,  on  fertility  of  Rho- 
dodendron, 455 

Nodules,  phosphatic,  in  azoic 
rocks,  556 

OAKS,  variability  of,  67 

CEnonis,  small  imperfect  flowers 
of,  328 

Onites  appelles,  199 

Orchids,  fertilization  of,  202 

— ,  the  development  of  their  flow- 
ers, 37I 

— ,  forms  of,  703 

Orchis,  pollen  of,  287 

Organization,  tendency  to  ad. 
vance,  180 

Organs  of  extreme  perfection,  271 

— ,  electric,  of  fishes,  285 

— ,  of  little  importance,  296 

— ,  homologous,  723 


Organs,  rudiments  of,  and  nas- 
cent, 753 

Ornithorhynchus,  149,  694 
— ,  mammae  of,  350 
Ostrich  not  capable  of  flight,  342 
— ,  habit  of  laying  eggs  together, 

410 

— ,  American,  two  species  of,  616 
Otter,  habits  of,  how  acquired,  259 
Ouzel,  water,  268 
Owen.  Prof.,  on  birds  not  flying, 
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— ,  on  vegetative  repetition,  218 
— ,  on  variability  oi  unusually  de- 
veloped parts,  220 
— ,  on  the  eyes  of  fishes,  276 
— ,  on  the  swim-bladder  of  fishes, 
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— ,  on  fossil  horse  of  La  Plata,  568 
— ,  on  generalized  form,  583 
— ,  on  relations  of  ruminants  and 

pachyderms,  583 

— .  on  fossil  birds  of  New  Zea- 
land, 601 

-  -,  on  succession  of  types,  601 
— ,  on  affinities  of  the  dugong,  691 
— ,  on  homologous  organs,  724 
— ,  on  the  metamorphosis  of  ce- 
phalopods,  738 

PACIFIC  OCEAN,  faunas  of,  615 

Pacini,  on  electric  organs,  286 

Paley,  on  no  organ  formed  to 
give  pain,  306 

Pallas,  on  the  fertility  of  the  do- 
mesticated descendants  of  wild 
stocks,  458 

Palm  with  hooks,  300 

Papaver  bracteatum,  330 

Paraguay,  cattle  destroyed  by 
flies,  99 

Parasites,  409 

Partridge,  with  ball  of  earth  at- 
tached to  foot,  630 

Parts  greatiy  developed,  variable, 
219 

Parus  major,  266 

Passiflora,  454 

Peaches  in  United  States,  116 

Pear,  grafts  of,  469 

Pedicellariae,  361 

Pelargonium,  sterility  of,  455 

Pelvis  of  women,  210 

Peloria,  212 

Period,  glacial,  633 

Petrels,  habits  of,  268 

Phasianus,  fertility  of  hybrids,  457 

Pheasant,  young,  wild,  402 

Pictet,  Prof.,  on  groups  of  spe- 
cies suddenly  appearing,  548 

— ,  on  rate  of  organic  change,  561 

— ,  on  continuous  succession  of 
genera,  565 

— ,  on  change  in  latest  tertiary 
forms,  537 

— ,  on  close  alliance  of  fossils  in 
consecutive  formations,  594 

— ,  on  early  transitional  links,  549 

Pierce,  Mr.,  on  varieties  of 
wolves,  124 

Pigeons  with  feathered  feet  and 
skin  between  toes,  16 

— ,  breeds  described,  and  origin 
of,  26 

— ,  breeds  of,  how  produced,  49, 
S3 

— ,  tumbler,  not  being  able  to  get 
out  of  egg,  119 

— ,  reverting  to  blue  color,  119 

— ,  instinct  of  tumbling,  401 

— ,  young  of,  744 

Pigs,  black,  not  affected  by  the 
paint-root,  16 

— ,  modified  by  want  of  exercise, 
301 

Pistil,  rudimentary,  754 

Plants,  poisonous,  not  affecting 
certain  colored  animals,  16 


Plants,  selection  applied  to.  47 

— ,  gradual  improvement  of,  47 

— ,  not  improved  in  barbarous 
countries,  47 

— ,  dimorphic,  482 

— ,  destroyed  by  insects,  03 

— ,  in  midst  of  range,  have  to 
struggle  with  other  plants,  106 

— ,  nectar  of,  128 

— ,  fleshy,  on  sea-shores,  194 

— ,  climbing,  280,  372 

— ,  fresh-water,  distribution  of, 
661 

— ,  low  in  scale,  widely  distribut- 
ed, 681 

Pleuronectidae,    their    structure; 

Plumage  .aws  of  change  in  sex- 
es of  birds,  122 

Plums  in  the  United  States,  i  *> 

Pointer  dog,  origin  of,  42 

— ,  habits  of,  401 

Poison  not  affecting  certain  col 
ored  animals,  16 

— ,  similar  effect  of.  on  animals 
and  plants,  815 

Pollen  of  fir-trees,  308 

—  transported  by  various  means 

291.   3°3 

Pollinia,  their  development,  370 
Polyzoa,  their  avicularia,  367 
Poole,  Col.,  on  striped  hemionus 

234 

Potamopeton,  662 
Pouchet,  on  the  colors  of  flat-hsli. 

357 
Prestwich,  Mr.,  on  English  and 

French  eocene  formations,  582 
Proctotrupes,  268 
Proteolepas,  216 
Proteus,  204 
Psychology,  future  progress  01. 

822 
Pyrgoma,  found  in  the  chalk,  551 

BUAGGA,  striped,  238 
uatrefages,  M.,  on  hybrid  moths, 
4S7 

Ouercus,  variability  of,  67 
Quince,  grafts  of,  469 

RABBIT,  disposition  of  young,  401 

Races,  domestic  characters  of.  •.  • 

Race-horses,  Arab,  43 

— ,  English,  623 

Radcliffe,  Dr.,  the  electrical  or 

gans  of  the  torpedo,  285 
Ramon J,  on  plants  of  Pyrenees 

636 
Ramsay,  Prof.,  on  subaerial  denu 

dation,  516 
— ,  on   thickness   of   the    British 

formations,  518 
— ,  on  faults,  517 
Ramsay,  Mr.,  on  instincts  ot 

cuckoo,  406 
Ratio  of  increase,  87 
Rats  supplanting  each  other,  103 
— ,  acclimatization  of,  206 
— ,  blind;  in  cave,  203 
Rattle-snake,  305 
Reason  and  instinct,  341 
Recapitulation,  general,  769 
Reciprocity  of  crosses,  465 
Record,  geological,  imperfect,  500 
Rengger,  on  flies  destroying  cat 

tie,  99 

Reproduction,  rate  of,  87 
Resemblance,  protective,  of  in- 
sects, 344 

—  to  parents  in  mongrels  and  hy- 
brids, 498 

Reversion,  law  of  inheritance,  15 
— ,  in  pigeons,  to  blue  color,  232 
Rhododendron,  sterility  of,  455 
Richard,  Prof.,  on  Aspicarpa,  694 
Richardson,  Sir  J..  on  structure 
of  squirrels,  261 
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Richardson,  Sir  J.,  on  fishes  of  the 
southern  hemisphere,  650 

Robinia,  grafts  of,  471 

Rodents,  olind,  202 

Rogers,  Prof.,  Map  of  N.  Amer- 
ica, 529 

Rudimentary  organs,  753 

Rudiments  important  for  classifi- 
cation, 694 

Riitimeyer,  on  Indian  cattle,  24, 
458 

SALAMANDRA  ATRA,  754 

Saliva  used  in  nests,  453 

Salvin,  Mr.,  on  the  beaks  of  ducks, 

35° 

Sageret,  on  grafts,  470 
Salmons,     males     fighting,    and 

hooked  jaws  of,  121 
Salt  water,  how  far  injurious  to 

seeds,  626 

—  not  destructive  to  land-shells, 
673 

Salter,    Mr.,  on   early  death   of 

hybrid  embryos,  476 
Saurophagus  sulphuratus,  266 
Schacht,  Prof.,  on  Phyllotaxy,  329 
Schiodte,  on  blind  insects,  204 
— ,  on  flat-fish,  354 
Schlegel,  on  snakes,  210 
Schbm,  Dr.,  on  the  ears  of  mice, 

325 
Scott,  J.  Mr.,  on  the  self-sterility 

of  orchids,  454 
— ,  on  the  crossing  of  varieties  of 

verbascum,  493 
Sea-water,  how  far  injurious  to 

seeds,  626 

—  not  destructive  to  land-shells, 

6/3 

Sebright,  Sir  J.,  on  crossed  ani- 
mals, 25 

Sedgwick,  Prof.,  on  groups  of 
species  suddenly  appearing,  548 

Seedlings  destroyed    by  insects, 

r.  93 

Seeds,  nutriment  in,  105 

— ,  winged,  214 

— ,  means  of  dissemination,  291, 

303,  628,  630,  631 
— ,  power  of  resisting  salt  water, 

625 
— ,  in   crops    and   intestines    of 

birds,  628 

— ,  eaten  by  fish,  628,  662 
— ,  in  mud,  661 
— ,  hooked,  on  islands,  668 
Selection  of   domestic  products, 

36 
— ,  principle  not  of  recent  origin, 

46,  47 

— ,  unconscious,  46 
— ,  natural,  109 
— ,  sexual,  121 
— ,  objections  to  term,  no 

—  natural,  has  not  induced  ster- 
ility, 473 

Sexes,  relations  of,  121 
Sexual  characters  variable,  226 

—  selection,  121 

Sheep,  Merino,  their  selection,   37 
— ,  two  sub-breeds,  unintention- 
ally produced,  44 
— ,  mountain  varieties  of,  102 
Shells,  colors  of,  194 
— ,  hinges  of,  291 

— ,  littoral,  seldom  embedded,  521 
— ,  fresh-water,  long   retain  the 

same  forms,  597 

— ,  fresh-water,  dispersal  of,  680 
— ,  of  Madeira,  666 
— ,  land,  distribution  of,  666 
Shrew-mouse,  706 
Silene,  infertility  of  crosses,  463 
Silliman,  Prof.,  on  blind  rat,  203 
Sirenia,  their  affinities,  583 
Sitaris,  metamorphosis  of,  749 
Skulls  of  young  mammals,  300,  727 


Slave-making  instinct,  412 
Smith,  Col.  Hamilton,  on  striped 

horses,  237 
— ,  Mr.   Fred.,  on  slave-making 

ants,  413 

— ,  on  neuter  ants,  439 
Smitt,  Dr.,  on  the  Polyzoa,  366 
Snake    with    tooth    for    cutting 

through  egg-shell,  408 
Somerville,  Lord,  on  selection  of 

sheep,  37 

Sorbus,  grafts  of,  471 
Sorex,  706 

Spaniel,  King  Charles's  breed,  42 
Specialization  of  organs,  101 
Species,  polymorphic,  59 
— ,  dominant,  74 
— ,  common,  variable,  73 

—  in  large  genera  variable,  75 

— ,  groups  of,  suddenly  appear- 
ing, 548,  554 

—  beneath   Silurian    formations, 
556 

—  successively  appearing,  560 

—  changing       simultaneously 
throughout  the  world,  575 

Spencer,  Lord,  on  increase  in 
size  of  cattle,  43 

— ,  Herbert,  Mr.,  on  the  first  steps 
in  differentiation,  185 

— ,  on  the  tendency  to  an  equi- 
librium in  all  forces,  481 

Sphex,  parasitic,  411 

Spiders,  development  of,  738 

Sports  in  plants,  14 

Sprengel,  C.  C.,  on  crossing,  %v 

— ,  on  ray-florets,  213 

Squalodon,  583 

Squirrels,  gradations  in  structure, 
261 

Staffordshire,  heath,  changes  .«,, 
98 

Stag-beetles,  fighting,  121 

Star-fishes,  eyes  of,  273 

— ,  their  pedicellariae,  363 

Sterility  from  changed  condi- 
tions of  life,  13 

— ,  of  hybrids,  450 

,  laws  of,  459 

,  causes  of,  473 

—  from   unfavorable  conditions, 

—  not  induced  through   natural 
selection,  474 

St.  Helena,  productions  of,  665 
St.  Hilaire,  Aug.,  on  variability 

of  certain  plants,  330 
— ,  on  classification,  605 
St.  John,  Mr.,  on  habits  of  cats, 

399 

Sting  of  bee,  308 
Stocks,    aboriginal,  of   domestic 

animals,  25 
Strata,  thickness  of,  in  Britain, 

5?8 

Stripes  on  horses,  235 
Structure,  degrees  of  utility  of,  302 
Struggle  for  existence,  83 
Succession,  geological,  560 

—  of  types  in  same  areas,  601 
Swallow,  one  species  supplanting 

another,  103 

Swaysland,  Mr.,  on  earth  adher- 
ing to  the  feet  of  migratory 
birds,  630 

Swifts,  nests  of,  433 

Swim-bladder,  281 

Switzerland,  lake  habitations  of, 

23 
System,  natural,  690 

TAIL  of  giraffe,  297 

— ,  of  aquatic  animals,  298 

— ,  prehensile,  358 

— ,  rudimentary,  760 

Tanais,  dimorphic,  60 

Tarsi,  deficient,  199 

Tausch,  Dr.,  on  umbelliferae,  329 

245 


Teeth  and  hair  correlated,  211 

— ,  rudimentary,  in  embryonic 
calf,  753,  804 

Tegetmeier,  Mr.,  on  cells  of  bees, 
424.  43i 

Temmmck,  on  distribution  aid- 
ing classification,  698 

Tendrils,  their  development,  372 

Thompson,  Sir  W.,  on  the  age  of 
the  habitable  world,  555 

— ,  on  the  consolidation  of  the 
crust  of  the  earth,  779 

Thouin,  on  grafts,  471 

Thrush,  aquatic  species  of,  268 

— ,  mocking,  of  the  Galapagos,  677 

— ,  young  of,  spotted,  734 

— ,  nest  of,  445 

Thuret,  M.,  on  crossed  fuci,  465 

Thwaites,  Mr.,  on  acclimatiza- 
tion, 205 

Thylacinus,  708 

Tierra  del  Fuego,  dogs  of,  402 

— ,  plants  of,  656 

Timber-drift,  627 

Time,  lapse  of,  514 

Titmouse,  266 

Toads  on  islands,  669 

Tobacco,  crossed  varieties  of,  49. 

Tomes,  Mr.,  on  the  distribution 
of  bats,  670 

Transitions  in  varieties  rare,  248 

Traquair,  Dr.,  on  flat-fish,  357 

Trautschold,  on  intermediate  va- 
rieties, 531 

Trees  on  islands  belong  to  pe- 
culiar orders,  668 

—  with  separated  sexes,  135 
Trifolium  pratense.  100,  130 

—  incarnatum,  130 
Trigonia,  572 
Trilobites,  554 

— ,  sudden  extinction  of,  573 

Trimen,  Mr.,  on  imitating-in- 
sects,  713 

Trimorphism  in  plants,  60,  482 

Troglodytes,  445 

Tuco-tuco,  blind,  202 

Tumbler  pigeons,  habits  of,  he- 
reditary, 401 

— ,  young  of,  744 

Turkey-cock,  tuft  of  hair  on 
breast,  123 

— ,  naked  skin  on  head,  300 

Turnip  and  cabbage,  analogous 
variations  of,  229 

Type,  unity  of,  317 

Types,  succession  of,  in  same 
areas,  601 

Typotherium,  583 

UDDERS  enlarged  by  use,  15 

— ,  rudimentary,  754 

Ulex,  young  leaves  of,  734 

Umbelliferae,  flowers  and  seeds 
of,  213 

— ,  outer  and  inner  florets  of,  329 

Unity  of  type,  317 

Uria  lacrymans,  126 

Use,  effects  of,  under  domestica- 
tion, 15 

— ,  effects  of,  in  a  state  of  nature, 
198 

Utility,  how  far  important  in  the 
construction  of  each  part,  302 

VALENCIENNES,  on  fresh-water 
fish,  659 

Variability  of  mongrels  and  hy- 
brids, 496 

Variation  under  domestication,  10 

—  caused  by  reproductive  system, 
being  affected  by  conditions  of 
life,  13 

—  under  nature,  56 
— ,  laws  of,  193 

— ,  correlated,  16,  209,  301 
Variations  appear  at  correspond' 
ing  ages,  18,  118 
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Variations  analogous  In  distlmct 

•pecles,  339 
Varieties,  natural,  55 

—  struggle  between,  103 

—  domestic,  extinction  of,  155 

—  transitional,  rarity  of,  248 

—  when  crossed,  fertile,  490 

—  when  crossed,  sterile,  489 
-  classification  of,  702 

Verbascum,  sterility  of,  454 
— ,  varieties  of,  crossed,  493 
Verlot,  M.,  on  double  stocks,  437 
Verneuil,  M.  de,  on  the  succession 

of  species,  578 

Vibracula  of  the  Polyzoa,  368 
Viola,  small  imperfect  flowers  of, 

328 

— ,  tricolor,  too 
Virchow.  on  the  structure  of  the 

crystalline  lens,  276 
Virginia,  pigs  of,  116 
Volcanic  islands,  denudation  of, 

517 
Vulture,    naked    skin    on   head, 

300 

LADING-BIRDS,  661 

'Vaguer,  Dr.,  on  Cecidomyia,  732 
Vagner,  Moritz,  on  the  impor- 
tance of  isolation,  145 

Wallace,  Mr.,  on  origin  of  spe- 
cies, a 

— ,  on  the  limit  of  variation  un- 
der domestication,  54 

— ,  on  dimorphic  lepidoptera,  60, 
443 

— ,  on  races  in  the  Malay  Archi- 
pelago, 62 

— ,  on  the  improvement  of  the 
eye,  276 

Wallace,  Mr.,  on  the  walking- 
stick  insect,  346 

— ,  on  laws  of  geographical  dis- 
tribution, 622 

—  on  the  Malay  Archipelago,  671 
<-,  oe  mimetic  animals,  713 


Walsh,  Mr.  B.  D.,  on  phytophagic 
forms,  64 

— ,  on  equable  variability,  229 

Water,  fresh,  productions  of, 
658 

Water-hen,  260 

Waterhouse,  Mr.,  on  Australian 
marsupials,  162 

— .  on  greatly  developed  parts 
being  variable,  220 

— ,  on  the  cells  of  bees,  420 

— ,  on  general  affinities,  717 

Water-ouzel,  268 

Watson,  Mr.  H.  C.,  on  range 
of  varieties  of  British  plants, 
62,  80 

— ,  on  acclimatization,  205 

— ,  on  flora  of  Azores,  631 

— ,  on  Alpine  plants,  636 

— ,  on  rarity  of  intermediate  va- 
rieties, 253 

— ,  on  convergence,  186 

— ,  on  the  indefinite  multiplica- 
tion of  species,  187 

Weale,  Mr.,  on  locusts  transport- 
ing seeds,  629 

Web  of  feet  in  water-birds,  269 

Weismann,  Prof.,  on  the  causes 
of  variability,  n 

— ,  on  rudimentary  organs,  759 

West  Indian  Islands,  mammals 
of,  671 

Westwood,  on  species  in  large 
genera  being  closely  allied  to 
others,  78 

— ,  on  the  tarsi  of  Engidae,  227 

— ,  on  the  antennae  of  hymenop- 
terous  insects,  692 

Whales,  347 

Wheat,  varieties  of,  159 

White  Mountains,  flora  of,  633 

Whittaker,  Mr.,  on  lines  of  es- 
carpment 516 

Wichura,  Max,  on  hybrids,  476, 
478,  499 

Wings,  reduction  of  size,  200 

246 


Wings  of  insects  homologous  with 
branchiae,  282 

— ,  rudimentary,  in  insects,  754 

Wolf  crossed  with  dog,  400 

— ,  of  Falkland  Isles,  670 

Wollaston,  Mr.,  on  varieties  of 
insects,  63 

—.on  fossil  varieties  of  shells  in 
Madeira,  71 

— ,  on  colors  of  insects  on  sea- 
shore, 194 

— ,  on  wingless  beetles,  201 

— ,  on  rarity  of  intermediate  va- 
rieties, 2S3 

— ,  on  insular  insects,  665 

— ,  on  land-shells  of  Madeira,  nat- 
uralized, 677 

Wolves,  varieties  of,  124,  125 

Woodcock  with  earth  attached  to 
leg,  630 

Woodpecker,  habits  of,  267 

— ;,  green  color  of,  300 

Woodward,  Mr.,  on  the  duration 
of  specific  forms,  532 

— ,  on  Pyrgoma,  551 

— ,  on  the  continuous  succession 
of  genera,  565 

— ,  on  the  succession  of  types,  601 

World,  species  changing  simul- 
taneously throughout,  575 

Wrens,  nest  of,  445 

Wright,  Mr.  Chauncey,  on  the 
giraffe,  338 

— ,  on  abrupt  modifications,  387 

Wyman,  Prof.,  on  correlation  of 
color  and  effects  of  poison,  16 

— ,  on  the  cells  of  the  bee,  422 

YOUATT,  MR.,  on  selection,  37 
— ,  on  sub-breeds  of  sheep,  44 
— ,  on  rudimentary  horns  in  young 
cattle,  760 

ZANTHOXVLON,  330 
Zebra,  stripes  on,  134 
Zeuglodon,  513 


GLOSSARY 


PRINCIPAL    SCIENTIFIC    TERMS    USED    IN    THE     PRESENT 

VOLUME.* 


ABERRANT. — Forms  or  groups  of  animals  or  plants 
which  deviate  in  important  characters  from  their 
nearest  allies,  so  as  not  to  be  easily  included  in 
the  same  group  with  them,  are  said  to  be  aber- 
rant. 

ABERRATION  (in  Optics). — In  the  refraction  of  light 
by  a  convex  lens  the  rays  passing  through  differ- 
ent parts  of  the  lens  are  brought  to  a  focus  at 
slightly  different  distances, — this  is  called  spheri- 
cal aberration;  at  the  same  time  the  colored 
rays  are  separated  by  the  prismatic  action  of  the 
lens  and  likewise  brought  to  a  focus  at  different 
distances, — this  is  chromatic  aberration. 

ABNORMAL. — Contrary  to  the  general  rule. 

ABORTED. — An  organ  is  said  to  be  aborted,  when 
its  development  has  been  arrested  at  a  very  early 
stage. 

ALBINISM. — Albinos  are  animals  in  which  the  usual 
coloring  matters  characteristic  of  the  species 
have  not  been  produced  in  the  skin  and  its  ap- 
pendages. Albinism  is  the  state  of  being  an 
albino. 

ALG.G. — A  class  of  plants  including  the  ordinary 
sea-weeds  and  the  filamentous  fresh-water 
weeds. 

ALTERNATION  OF  GENERATIONS.— This  term  is  ap- 
plied to  a  peculiar  mode  of  reproduction  which 
prevails  among  many  of  the  lower  animals,  in 
which  the  egg  produces  a  living  form  quite  dif- 
ferent from  its  parent,  but  from  which  the  par- 
ent-form is  reproduced  by  a  process  of  budding, 
or  by  the  division  of  the  substance  of  the  first 
product  of  the  egg. 

AMMONITES.— A  group  of  fossil,  spiral,  chambered 
shells,  allied  to  the  existing  pearly  Nautims,  but 
having  the  partitions  between  the  chambers 
waved  in  complicated  patterns  at  their  junction 
with  the  outer  wall  of  tne  shell. 

ANALOGY.— That  resemblance  of  structures  which 
depends  upon  similarity  of  function,  as  in  the 
wings  of  insects  and  birds.  Such  structures  are 
said  to  be  analagous,  and  to  be  analogues  of 
each  other. 

ANIMALCULE. — A  minute  animal :  generally  applied 
to  those  visible  only  by  the  microscope. 

ANNELIDS. — A  class  of  worms  in  which  the  surface 
of  the  body  exhibits  a  more  or  less  distinct  di- 
vision into  rings  or  segments,  generally  pro- 
vided with  appendages  for  locomotion  and  with 
gills.  It  includes  the  ordinary  marine  worms, 
the  earthworms,  and  the  leeches.  , 

ANTENNAE. — Jointed  organs,  appended  to  the  head 
in  Insects,  Crustacea  and  Centipedes,  and  not 
belonging  to  the  mouth. 

ANTHERS. — The  summits  of  the  stamens  of  flowers, 


*  I  am  indebted  to  the  kindness  of  Mr.  W.  S. 
Dallas  for  this  Glossary,  which  has  been  given  be- 
cause several  readers  have  complained  to  me  that 
some  of  the  terms  used  were  unintelligible  to  them. 
Mr.  Dallas  hae  endeavored  to  give  the  explanations 


f»f  the  terms  in  as  popular  a  form  as  possible. 


in  which  the  pollen  or  fertilizing  dust  is  pro 
duced. 

APLACENTALIA,  APLACENTATA,  or  Aplacental  Mam- 
mals. See  Mammalia. 

ARCHETYPAL. — Of  or  belonging  to  the  Archetype, 
or  ideal  primitive  form  upon  which  all  the  beings 
of  a  group  seem  to  be  organized. 

ARTICULATA.— A  great  division  of  the  Animal  King- 
dom characterized  generally  by  having  the  sur- 
face of  the  body  divided  into  rings,  called  seg- 
ments, a  greater  or  less  number  of  which  are 
furnished  with  jointed  legs  (such  as  Insects, 
Crustaceans  and  Centipedes). 

ASYMMETRICAL. — Having  the  two  sides  unlike. 

ATROPHIED. — Arrested  in  development  at  a  very 
early  stage. 

BALANUS. — The  genus  including  the  common 
Acorn-shells  which  live  in  abundance  on  the 
rocks  of  the  sea-coast. 

BATRACHIANS.— A  class  of  animals  allied  to  the 
Reptiles,  but  undergoing  a  peculiar  metamor- 
phosis, in  which  the  young  animal  is  generally 
aquatic  and  breathes  by  gills.  (Examples,  Frogs, 
Toads,  and  Newts.) 

BOULDERS. — Large  transported  blocks  of  stone 
generally  imbedded  in  clays  or  gravels. 

BRACHIOPODA.— A  class  of  marine  Mollusca,  or  soft- 
bodied  animals,  furnished  with  a  bivalve  shell, 
attached  to  submarine  objects  by  a  stalk  which 
passes  through  an  aperture  in  one  of  the  valves, 
and  furnisned  with  fringed  arms,  by  the  action 
of  which  food  is  carried  to  the  mouth. 

BRANCHIAE. — Gills  or  organs  for  respiration  in 
water. 

BRANCHIAL. — Pertaining  to  gills  or  branchiae. 

CAMBRIAN  SYSTEM. — A  Series  of  very  ancient  Pa- 
leozoic rocks,  between  the  Laurentian  and  the 
Silurian.  Until  recently  these  were  regarded  as 
the  oldest  fossiliferous  rocks. 

CANID^:. — The  Dog-family,  including  the  Doe. 
Wolf,  Foxjackaf,  etc. 

CARAPACE. — The  shell  enveloping  the  anterior  part 
of  the  body  in  Crustaceans  generally ;  applied 
also  to  the  hard  shelly  pieces  of  the  Cirripedes. 

CARBONIFEROUS. — This  term  is  applied  to  tne  great 
formation  which  includes,  among  other  rocks, 
the  coal-measures.  It  belongs  to  the  oldest,  or 
Paleozoic,  system  of  formations. 

CAUDAL  — Of  or  belonging  to  the  tail. 

CEPHALOPODS. — The  highest  class  of  the  Mollusca, 
or  soft-bodied  animals,  characterized  by  having 
the  mouth  surrounded  by  a  greater  or  less  num- 
ber of  fleshy  arms  or  tentacles,  which,  in  most 
living  species,  are  furnished  with  sucking-cups. 
(Examples,  Cuttle-fish,  Nautilus.) 

CETACEA. — An  order  of  Mammalia,  including  the 
Whales,  Dolphins,  etc.,  having  the  form  of  the 
body  fish-like,  the  skin  naked,  and  only  the  fore- 
limbs  developed. 

CHELONIA.— An   order    of  Reptiles  including    the 
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CIRRIPKDES.— An  order  of  Crustaceans  including 
the  Barnacles  and  Acorn-shells.  Their  young 
resemble  those  of  many  other  Crustaceans  in 
form;  but  when  mature  they  are  always  at- 
tached to  other  objects,  either  directly  or  by 
means  of  a  stalk,  and  their  bodies  are  enclosed 
by  a  calcareous  shell  composed  of  several  pieces, 
two  of  which  can  open  to  give  issue  to  a  bunch 
of  curled,  jointed  tentacles,  which  represent  the 

Coccus.— The  genus  of  Insects  including  the  Co- 
chineal. In  these  the  male  is  a  minute,  winged 
fly,  and  the  female  generally  a  motionless,  berry- 
like  mass. 

COCOON.— A  case  usually  of  silky  material,  in 
which  insects  are  frequently  enveloped  during 
the  second  or  resting-stage  (pupa)  of  their  exist- 
ence. The  term  "  cocoon-stage  "  is  here  used  as 
equivalent  to  "  pupa-stage." 

CCELOSPERMOUS. — A  term  applied  to  those  fruits  of 
the  Umbelliferae  which  have  the  seed  hollowed 
on  the  inner  face. 

COLEOPTERA.— Beetles,  an  order  of  Insects,  having 
a  biting  mouth  and  the  first  pair  of  wings  more 
or  less  horny,  forming  sheaths  for  the  second 
'pair,  and  usually  meeting  in  a  straight  line  down 
the  middle  of  the  back. 

COLUMN.— A  peculiar  organ  in  the  flowers  of 
Orchids,  in  which  the  stamens,  style  and  stigma 
(or  the  reproductive  parts)  are  united. 

COMPOSITE  OR  COMPOSITOUS  PLANTS. — Plants  in 
which  the  inflorescence  consists  of  numerous 
small  flowers  (florets)  brought  together  into  a 
dense  head,  the  base  of  which  is  enclosed  by  a 
common  envelope.  (Examples,  the  Daisy,  Dan- 
delion, etc.) 

CONFERVA.— The  filamentous  weeds  of  freshwater. 

CONGLOMERATE. — A  rock  made  up  of  fragments  of 
rock  or  pebbles,  cemented  together  by  some  other 
material. 

COROLLA. — The  second  envelope  of  a  flower,  usu- 
ally composed  of  colored,  leaf-like  organs  (petals), 
which  may  be  united  by  their  edges  either  in  the 
basal  part  or  throughout. 

CORRELATION. — The  normal  coincidence  of  one 
phenomenon,  character,  etc.,  with  another. 

CORYMB. — A  bunch  of  flowers  in  which  those 
springing  from  the  lower  part  of  the  flower  stalk 
are  supported  on  long  stalks  so  as  to  be  nearly 
on  a  level  with  the  upper  ones. 

COTYLEDONS. — The  first  or  seed-leaves  of  plants. 

CRUSTACEANS. — A  class  of  articulated  animals,  hav- 
ing the  skin  of  the  body  generally  more  or  less 
hardened  by  the  deposition  of  calcareous  matter, 
breathing  by  means  of  gills.  (Examples,  Crab, 
Lobsters,  Shrimp,  etc.) 

CURCULIO. — The  old  generic  term  for  the  Beetles 
known  as  Weevils,  characterized  by  their  four- 
jointed  feet,  and  by  the  head  being  produced 
into  a  sort  of  beak,  upon  the  sides  of  which  the 
antennae  are  inserted. 

CUTANEOUS.— Of  or  belonging  to  the  skin. 

DEGRADATION. — The  wearing  down  of  land  by  the 
action  of  the  sea  or  of  meteoric  agencies. 

DENUDATION. — The  wearing  away  of  the  surface 
of  the  land  by  water. 

DEVONIAN  SYSTEM  or  formation.— A  series  of  Pa- 
leozoic rocks,  including  the  Old  Red  Sandstone 

DICOTYLEDONS,  or  DICOTYLEDONOUS  PLANTS.  —  A 
class  of  plants  characterized  by  having  two  seed- 
leaves,  by  the  formation  of  new  wood  between 
the  bark  and  the  old  wood  (exogenous  growth] 
and  by  the  reticulation  of  the  veins  of  the  leaves. 
The  parts  of  the  flowers  are  generally  in  multi- 
ples of  five. 

DIFFERENTIATION. — The  separation  or  discrimina- 
tion of  parts  or  organs  which  in  simpler  forms  ol 
life  are  more  or  less  united. 

DIMORPHIC.  —  Having  two  distinct  forms.  Di- 
morphism is  the  condition  of  the  appearance  o; 
the  same  species  under  two  dissimilar  forms. 

DIOZCIOUS. — Haying  the  organs  of  the  sexes  upon 
distinct  individuals. 

DIORITE.— A  peculiar  form  of  Greenstone. 

DORSAL. — Of  or  belonging  to  the  back. 

EDENTATA.— A  peculiar  order  of  Quadrupeds,  char- 


acterized by  the  absence  of  at  least  the  middle 
incisor  (front)  teeth  in  both  jaws.  (Examples^ 
the  Sloths  and  Armadillos.) 

ELYTRA. — The  hardened  fore-wings  of  Beetles 
serving  as  sheaths  for  the  membranous  hind- 
wings,  which  constitute  the  true  organs  of  flight. 

JMBRYO. — The  young  animal  undergoing  develop- 
ment within  the  egg  or  womb. 

EMBRYOLOGY.— The  study  of  the  development  of 
the  embryo. 

SNDEMIC.— Peculiar  to  a  given  locality. 

^NTOMOSTRACA. — A  division  of  the  class  Crustacea, 
having  all  the  segments  of  the  body  usually  dis- 
tinct, gills  attached  to  the  feet  or  organs  of  the 
mouth,  and  the  feet  fringed  with  fine  hairs. 
They  aregenerally  of  small  size. 

EOCENE.— The  earliest  of  the  three  divisions  of  the 
Tertiary  epoch  of  geologists.  Rocks  of  this  age 
contain  a  small  proportion  of  shells  identical  with 
species  now  living. 

EPHEMEROUS  INSECTS. — Insects  allied  to  the  May- 
fly. 

FAUNA. — The  totality  of  the  animals  naturally  in- 
habiting a  certain  country  or  region,  or  which 
have  lived  during  a  given  geological  period. 

FELID.*. — The  Cat-family. 

FERAL. — Having  become  wild  from  a  state  of  cul- 
tivation or  domestication. 

FLORA. — The  totality  of  the  plants  growing  natu- 
rally in  a  country,  or  during  a  given  geological 
period. 

FLORETS. — Flowers  imperfectly  developed  in  some 
respects,  and  collected  into  a  dense  spike  or  head, 
as  in  the  Grasses,  the  Dandelion,  etc. 

FCETAL. — Of  or  belonging  to  the  foetus,  or  embryo 
in  course  of  development. 

FORAMINIFERA. — A  class  of  animals  of  very  low  or- 
ganization, and  generally  of  small  size,  having  a 
jelly-like  body,  from  the  surface  of  which  deli- 
cate filaments  can  be  given  off  and  retracted  for 
the  prehension  of  external  objects,  and  having  a 
calcareous  or  sandy  shell,  usually  divided  into 
chambers,  and  perforated  with  small  apertures. 

FOSSILIFEROUS. — Containing  fossils. 

FOSSORIAL. — Having  a  faculty  of  digging.  The 
Fossorial  Hymenoptera  are  a  group  of  Wasp- 
like  Insects,  which  burrow  in  sandy  soil  to  make 
nests  for  their  young. 

FRENUM  (pi.  FRENA). — A  small  band  or  fold  of  skin. 

FUNGI  (sing.  FUNGUS). — A  class  of  cellular  plants, 
of  which  Mushrooms,  Toadstools,  and  Moulds, 
are  familiar  examples. 

FURCULA. — The  forked  bone  formed  by  the  union 
of  the  collar-bones  in  many  birds,  such  as  the 
common  Fowl. 

GALLINACEOUS  BIRDS. — An  order  of  Birds  of  which 
the  common  Fowl,  Turkey,  and  Pheasant,  are 
well-known  examples. 

GALLUS. — The  genus  of  birds  which  includes  the 
common  Fowl. 

GANGLION. — A  swelling  or  knot  from  which  nerves 
are  given  off  as  from  a  center. 

GANOID  FISHES. — Fishes  covered  with  peculiar 
enameled  bony  scales.  Most  of  them  are  ex- 
tinct. 

GERMINAL  VESICLE. — A  minute  vesicle  in  the  eggs 
of  animals,  from  which  the  development  of  the 
embryo  proceeds. 

GLACIAL  PERIOD. — A  period  of  great  cold  and  of 
enormous  extension  of  ice  upon  the  surface  of 
the  earth.  It  is  believed  that  glacial  periods 
have  occurred  repeatedly  during  the  geological 
history  of  the  earth,  but  the  term  is  generally 
applied  to  the  close  of  the  Tertiary  epoch,  when 
nearly  the  whole  of  Europe  was  subjected  to  an 
arctic  climate. 

GLAND.— An  organ  which  secretes  or  separates 
some  peculiar  product  from  the  blood  or  sap  of 
animals  or  plants. 

GLOTTIS.— The  opening  of  the  windpipe  into  the 
cesophagus  or  gullet. 

GNEISS. — A  rock  approaching  granite  is  composi- 
tion, but  more  or  less  laminated,  and  really  pro- 
duced by  the  alteration  of  a  sedimentary  deposit 
after  its  consolidation. 

GRALLATORKS.  —  The     so  -  called    Wading  -  bird* 
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(Storks,  Cranes,  Snipes,  etc.),  which  are  gener- 
ally furnished  with  long  legs,  bare  of  feathers 
above  the  heel,  and  have  no  membranes  between 
the  toes. 

GRANITE. — A  rock  consisting  essentially  of  crystals 
of  felspar  and  mica  in  a  mass  of  quartz. 

HABITAT. — The  locality  in  which  a  plant  or  animal 
naturally  lives. 

HHMIPTERA. — An  order  or  sub-order  of  Insects, 
characterized  by  the  possession  of  a  jointed  beak 
or  rostrum,  and  by  having  the  fore-wings  horny 
in  the  basal  portion  and  membranous  at  the  ex- 
tremity, where  they  cross  each  other.  This 
group  includes  the  various  species  of  Bugs. 

HERMAPHRODITE. — Possessing  the  organs  of  both 
sexes. 

HOMOLOGY. — That  relation  between  parts  which 
results  from  their  development  from  correspond- 
ing embryonic  parts,  either  in  different  animals, 
as  in  the  case  of  the  arm  of  man,  the  fore-leg  of 
a  quadruped,  and  the  wing  of  a  bird  ;  or  in  the 
same  individual,  as  in  the  case  of  the  fore  and 
hind  legs  in  quadrupeds,  and  the  segments  or 
rings  and  their  appendages  of  which  the  body  of 
a  worm,  a  centipede,  etc.,  is  composed.  The  lat- 
ter is  called  serial  homology.  The  parts  which 
stand  in  such  a  relation  to  each  other  are  said  to 
be  homologous,  and  one  such  part  or  organ  is 
called  the  homologue  of  the  other.  In  different 
plants  the  parts  of  the  flower  are  homologous, 
and  in  general  these  parts  are  regarded  as  ho- 
mologous with  leaves. 

HOMOPTERA. — An  order  or  sub-order  of  Insects 
having  (like  the  Hemiptera)  a  jointed  beak,  but 
in  which  the  fore-wings  are  either  wholly  mem- 
branous or  wholly  leathery.  The  Cicada,  Frog- 
hoppers,  and  Aphides,  are  well-known  examples. 

HYBRID. — The  offspring  of  the  union  of  two  dis- 
tinct species. 

HYMENOPTERA. — An  order  of  Insects  possessing 
biting  jaws  and  usually  four  membranous  wings 
in  which  there  are  a  few  veins.  Bees  and  Wasps 
are  familiar  examples  of  this  group. 

HYPKRTROPHIED. — Excessively  developed. 

ICHNEUMONID^E. — A  family  of  Hymenopterous  in- 
sects, the  members  of  which  lay  their  eggs  in 
the  bodies  or  eggs  of  other  insects. 

IMAGO. — The  perfect  (generally  winged)  repro- 
ductive state  of  an  insect. 

INDIGEENS. — The  aboriginal  animal  or  vegetable 
inhabitants  of  a  country  or  region. 

INFLORESCENCE.— The  mode  of  arrangement  of  the 
flowers  of  plants. 

INFUSORIA. — A  class  of  microscopic  Animalcules, 
so  called  from  their  having  originally  been  ob- 
served in  infusions  of  vegetable  matters.  They 
consist  of  a  gelatinous  material  enclosed  in  a 
delicate  membrane,  the  whole  or  part  of  which 
is  furnished  with  short  vibrating  hairs  (called 
cilia),  by  means  of  which  the  animalcules  swim 
through  the  water  or  convey  the  minute  particles 
of  their  food  to  the  orifice  of  the  mouth. 

INSECTIVOROUS. — Feeding  on  Insects. 

INVERTEBRATA,  or  INVERTEBRATE  ANIMALS. — Those 
animals  which  do  not  possess  a  backbone  or 
spinal  column. 

LACUNA. — Spaces  left  among  the  tissues  in  some 
of  the  lower  animals,  and  serving  in  place  of 
vessels  for  the  circulation  of  the  fluids  of  the 
body. 

LAMELLATEO. — Furnished  with  lamellae  or  little 
plates. 

LARVA  (pi.  LARVAE). — The  first  condition  of  an  in- 
sect at  its  issuing  from  the  egg,  when  it  is  usually 
in  the  form  of  a  grub,  caterpillar,  or  maggot. 

LARYNX. — The  upper  part  of  the  windpipe  opening 
into  the  gullet. 

LAURENTIAN.— A  group  of  greatly  altered  and  very 
ancient  rocks,  which  is  greatly  developed  along 
the  course  of  the  St.  Lawrence,  whence  the  name. 
It  is  in  these  that  the  earliest  known  traces  of 
organic  bodies  have  been  found. 

LEGUMINOS.«. — An  order  of  plants  represented  by 
the  common  Peas  and  Beans,  having  an  irregu- 
lar flower  in  which  one  petal  stands  up  like  a 


wing,  and  the  stamens  and  pistil  are  enclosed  tai 

•  a  sheath  formed  by  two  other  petals.  The  fruit 
is  a  pod  (or  legume). 

LEMURID^E.— A  group  of  four-handed  animals,  dis- 
tinct from  the  Monkeys  and  approaching  the  In- 
sectivorous Quadrupeds  in  some  of  their  charac- 
ters and  habits.  Its  members  have  the  nostrils 
curved  or  twisted,  and  a  claw  instead  of  a  nail 
upon  the  first  finger  of  the  hind  hands. 

LEPIDOPTERA.— An  order  of  Insects,  characterized 
by  the  possession  of  a  spiral  proboscis,  and  of 
four  large  more  or  less  scaly  wings.  It  includes 
the  well-known  Butterflies  and  Moths. 

LITTORAL. — Inhabiting  the  sea-shore. 

LOESS. — A  marly  deposit  of  recent  (Post-Tertiary) 
date,  which  occupies  a  great  part  of  the  valley 
of  the  Rhine. 

MALACOSTRACA. — The  higher  division  of  the  Crus- 
tacea, including  the  ordinary  Crabs,  Lobsters, 
Shrimps,  etc.,  together  with  the  Woodlice  and 
Sand-hoppers. 

MAMMALIA. — The  highest  class  of  animals,  includ- 
ing the  ordinary  hairy  quadrupeds,  the  Whales, 
and  Man,  and  characterized  by  the  production 
of  living  young  which  are  nourished  after  birth 
by  milk  from  the  teats  (Mammce,  Mammary 
glands)  of  the  mother.  A  striking  difference 
in  embryonic  development  has  led  to  the  division 
of  this  class  into  two  great  groups ;  in  one  of 
these,  when  the  embryo  has  attained  a  certain 
stage,  a  vascular  connection,  called  the  placenta, 
is  formed  between  the  embryo  and  the  mother ; 
in  the  other  this  is  wanting,  and  the  young  are 
produced  in  a  very  incomplete  state.  The  for- 
mer, including  the  greater  part  of  the  class,  are 
called  Placental  mammals  ;  the  latter,  or  Apia- 
cental  mammals,  include  the  Marsupials  and 
Monotremes  (flrnithorhynchus). 

MA.MMIFEROUS. — Having  mammae  or  teats  (see 
MAMMALIA). 

MANDIBLES,   in   Insects. — The  first  or    uppermost 

Eair  of  jaws,  which  are  generally  solid,  horny, 
iting  organs.  In  Birds  the  term  is  applied  to 
both  jaws  with  their  horny  coverings.  In  Quad- 
rupeds the  mandible  is  properly  the  lower  jaw. 

MARSUPIALS. — An  order  of  Mammalia  in  which  the 
young  are  bora  in  a  very  incomplete  state  of  de- 
velopment, and  carried  by  the  mother,  while 
sucking,  in  a  ventral  pouch  (marsupium),  such  as 
the  Kangaroos,  Opossums,  etc.  (see  MAMMALIA). 

MAXILLAE,  in  Insects. — The  second  or  lower  pair 
of  jaws,  which  are  composed  of  several  joints 
and  furnished  with  peculiar  jointed  appendages 
called  palph  or  feelers. 

MELANISM. — The  opposite  of  albinism;  an  undue 
development  of  coloring  material  in  the  skin  and 
its  appendages. 

METAMORPHIC  ROCKS. — Sedimentary  rocks  which 
have  undergone  alteration,  generally  by  the 
action  of  heat,  subsequently  to  their  deposition 
and  consolidation. 

MOLLUSCA. — One  of  the  great  divisions  of  the  Ani- 
mal Kingdom,  including  those  animals  which 
have  a  soft  body,  usually  furnished  with  a  shell, 
and  in  which  the  nervous  ganglia,  or  centers, 
present  no  definite  general  arrangement.  They 
are  generally  known  under  the  denomination  of 
"shell-fish;  the  cuttle-fish,  and  the  common 
snails,  whelks,  oysters,  mussels,  and  cockles, 
may  serve  as  examples  of  them. 

MONOCOTYLEDONS,  or  MONOCOTYLEDONOUS  PLANTS. 
— Plants  in  which  the  seed  sends  up  only  a  single 
seed-leaf  (or  cotyledon) ;  characterized  by  the  ab- 
sence of  consecutive  layers  of  wood  in  the  stem 
(endogenous  growth),  by  the  veins  of  the  leaves 
being  generally  straight,  and  by  the  parts  of  the 
flowers  being  generally  in  multiples  of  three. 
{Examples,  Grasses,  Lilies,  Orchids,  Palms, 
etc.) 

MORAINES. — The  accumulations  of  fragments  of 
rock  brought  down  by  glaciers. 

MORPHOLOGY.— The  law  of  form  or  structure  inde» 
pendent  of  function. 

MYSIS-STAGE. — A  stage  in  the  development  of  cer- 
tain Crustaceans  (Prawns),  in  which  they  closely 
resemble  the  adults  of  a  genus  (.Mysis)  belonging 
to  a  slightly  lower  group. 
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NASCTWT.— Commencing  development. 

NATATORY. — Adapted  for  the  purpose  of  swimming. 

NAUPLIUS-KORM.— The  earliest  stage  in  the  develop- 
ment of  many  Crustacea,  especially  belonging  to 
the  lower  groups.  In  this  stage  the  animal  has  a 
short  body,  with  indistinct  indications  of  a  di- 
vision into  segments,  and  three  pairs  of  fringed 
limbs.  This  form  of  the  common  fresh-water 
Cyclops  was  described  as  a  distinct  genus  under 
the  name  of  Nauplius. 

NKURATION.— The  arrangement  of  the  veins  or 
nervures  in  the  wings  of  Insects. 

NEUTERS.— Imperfectly  developed  females  of  cer- 
tain social  insects  (such  as  Ants  and  Bees),  which 
perform  all  the  labors  of  the  community.  Hence 
they  are  also  called  workers. 

NICTITATING  MEMBRANE.  —  A  semi  -  transparent 
membrane,  which  can  be  drawn  across  the  eye 
in  Birds  and  Reptiles,  either  to  moderate  the  ef- 
fects of  a  strong  light  or  to  sweep  particles  of 
dust,  etc.,  from  the  surface  of  the  eye. 

OCELLI.— The  simple  eyes  or  stemmata  of  Insects, 
usually  situated  on  the  crown  of  the  head  be- 
tween the  great  compound  eyes. 

(ESOPHAGUS. — The  gullet. 

OOLITIC.— A  great  series  of  secondary  rocks,  so 
called  from  the  texture  of  some  of  its  members, 
which  appear  to  be  made  up  of  a  mass  of  small 
egg-like  calcareous  bodies. 

OPERCULUM. — A  calcareous  plate  employed  by 
many  Mollusca  to  close  the  aperture  of  their 
shell.  The  opercular  valves  of  Cirripedes  are 
those  which  close  the  aperture  of  the  shell. 

ORBIT. — The  bony  cavity  for  the  reception  of  the 
eye. 

ORGANISM. — An  organized  being,  whether  plant  or 
animal. 

ORTHOSPERMOUS.— A  term  applied  to  those  fruits 
of  the  Umbelliferae  which  have  the  seed  straight. 

OSCULANT. — Forms  or  groups  apparently  interme- 
diate between  and  connecting  other  groups  are 
said  to  be  osculant. 

OVA. — Eggs. 

OVARIUM  or  OVARY  (in  plants). — The  lower  part  of 
the  pistil  or  temale  organ  of  the  flower,  contain- 
ing the  ovules  or  incipient  seeds ;  by  growth 
after  the  other  organs  of  the  flower  have  fallen, 
it  usually  becomes  converted  into  the  fruit. 

OVIGEROUS. — Egg-bearing. 

OVULES  (of  plants). — The  seeds  in  the  earliest  con- 
dition. 

PACHYDERMS. — A  group  of  Mammalia,  so  called 
from  their  thick  skins,  and  including  the  Ele- 
phant, Rhinoceros.  Hippopotamus,  etc. 

PALEOZOIC. — The  oldest  system  of  fossiliferous 
rocks. 

PALPI.— Jointed  appendages  to  some  of  the  organs 
of  the  mouth  in  Insects  and  Crustacea. 

PAPILIONACE.B. — An  order  of  Plants  (see  LEGUMI- 
NOSXE).— The  flowers  of  these  plants  are  called 
papilionaceous,  or  butterfly-like,  from  the  fan- 
cied resemblance  of  the  expanded  superior  petals 
to  the  wings  of  a  butterfly. 

PARASITE. — An  animal  or  plant  living  upon  or  in, 
and  at  the  expense  of,  another  organism. 

PARTHENOGENESIS.— The  production  of  living  or- 
ganisms from  unimpregnated  eggs  or  seeds. 

PEDUNCULATED. — Supported  upon  a  stem  or  stalk. 
The  pedunculated  oak  has  its  acorns  borne  upon 
a  footstalk. 

PELORIA  or  PELORISM. — The  appearance  of  regu- 
larity of  structure  in  the  flowers  of  plants  which 
normally  bear  irregular  flowers. 

PELVIS.— The  bony  arch  to  which  the  hind  limbs 
of  vertebrate  animals  are  articulated. 

PETALS.— The  leaves  of  the  corolla,  or  second  circle 
of  organs  in  a  flower.  They  are  usually  of  deli- 
cate texture  and  brightly  colored. 

PHYLLODINEOUS. — Having  flattened,  leaf-like  twigs 
or  leafstalks  instead  of  true  leaves. 

PIGMENT. — The  coloring  material  produced  gen- 
erally in  the  superficial  parts  of  animals.  The 
cells  secreting  it  are  called  pigment-cells. 

PINNATE.— Bearing  leaflets  on  each  side  of  a  cen- 
tral stalk. 

PISTILS.— The  female  organs  of  a  flower,  which  oc- 


cupy a  position  !n  the  center  of  the  other  floral 
organs.  The  pistil  is  generally  divisible  into  the 
ovary  or  germen,  the  style  and  the  stigma. 

PLACENTALIA,  PLACENTATA,  or  PlacentalMammals. 
— See  Mammalia. 

PLANTIGRADES. — Quadrupeds  which  walk  upon  the 
whole  sole  of  the  foot,  like  the  Bears. 

PLASTIC.— Readily  capable  of  change. 

PLEISTOCENE  PERIOD. — The  latest  portion  of  the 
Tertiary  epoch. 

PLUMULE  (in  plants). — The  minute  bud  between 
the  seed-leaves  of  newly-germinated  plants. 

PLUTONIC  ROCKS. — Rocks  supposed  to  have  been 
produced  by  igneous  action  in  the  depths  of  the 
earth. 

POLLEN.— The  male  element  in  flowering  plants  ; 
usually  a  fine  dust  produced  by  the  anthers, 
which,  by  contact  with  the  stigma,  effects  the 
fecundation  of  the  seeds.  This  impregnation  is 
brought  about  by  means  of  tubes  (pollen  tubes) 
which  issue  from  the  pollen-grains  adhering  to 
the  stigma,  and  penetrate  through  the  tissues 
until  they  reach  the  ovary. 

POLYANDROUS  (flowers). — Flowers  having  many 
stamens. 

POLYGAMOUS  PLANTS. — Plants  in  which  some  flow- 
ers are  unisexual  and  others  hermaphrodite. 
The  unisexual  (male  and  female)  flowers,  may  be 
on  the  same  cr  op  different  plants. 

POLYMORPHIC. — Presenting  many  forms. 

POLYZOARY. — The  common  structure  formed  by  the 
cells  of  the  Polyzoa,  such  as  the  well-known 
Sea-mats. 

PREHENSILE. — Capable  of  grasping. 

PREPOTENT. — Having  a  superiority  of  power. 

PRIMARIES. — The  feathers  forming  the  tip  of  the 
wing  of  a  bird,  and  inserted  upon  that  part  which 
represents  the  hand  of  man. 

PROCESSES. — Projecting  portions  of  bones,  usually 
for  the  attachment  of  muscles,  ligaments,  etc. 

PROPOLIS. — A  resinous  material  collected  by  the 
Hive-Bees  from  the  opening  buds  of  various 
trees. 

PROTEAN. — Exceedingly  variable. 

PROTOZOA. — The  lowest  great  division  of  the  Ani- 
mal Kingdom.  These  animals  are  composed  of 
a  gelatinous  material,  and  show  scarcely  any 
trace  of  distinct  organs.  The  Infusoria,  Fora- 
minifera,  and  Sponges,  with  some  other  forms, 
belong  to  this  division, 

PUPA  (pi.  PUP.E). — The  second  stage  in  the  devel- 
opment of  an  Insect,  from  which  it  emerges  in 
the  perfect  (winged)  reproductive  form.  In 
most  insects  the/a/a/  stage  is  passed  in  perfect 
repose.  The  chrysalis  is  the  pupal  state  of  But- 
terflies. 

RADICLE.— The  minute  root  of  an  embryo  plant. 

RAM  us. — One  half  of  the  lower  jaw  in  the  Mam- 
malia. The  portion  which  rises  to  articulate 
with  the  skull  is  called  the  ascending  ratnus. 

RANGE. — The  extent  of  country  over  which  a  plant 
or  animal  is  naturally  spread.  Range  in  time 
expresses  the  distribution  of  a  species  or  group 
through  the  fossiliferous  beds  of  the  earth  s 
crust. 

RETINA. — The  delicate  inner  coat  of  the  eye, 
formed  by  nervous  filaments  spreading  from  the 
optic  nerve,  and  serving  for  the  perception  of 
the  impressions  produced  by  light. 

RETROGRESSION. — Backward  development.  When 
an  animal,  as  it  approaches  maturity,  becomes 
less  perfectly  organized  than  might  be  expected 
from  its  early  stages  and  known  relationships,  it 
is  said  to  undergo  a  retrograde  development  or 
metamorphosis. 

RHIZOPODS. — A  class  of  lowly  organized  animals 
(Protozoa),  having  a  gelatinous  body  the  surface 
of  which  can  be  protruded  in  the  form  of  root- 
like  processes  or  filaments,  which  serve  for  loco- 
motion and  the  prehension  of  food.  The  most 
important  order  is  that  of  the  Foraminifera. 

RODENTS. — The  gnawing  Mammalia,  such  as  the 
Rats,  Rabbits,  and  Squirrels.  They  are  espe- 
cially characterized  by  the  possession  of  a  single 
pair  of  chisel-like  cutting  teeth  in  each  jaw,  be- 
tween which  and  the  grinding  teeth  there  is  a 
great  gap. 
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RUBUS.— The  Bramble  Genus. 

RUDIMENTARY. — Very  imperfectly  developed. 

RUMINANTS. — The  group  of  Quadrupeds  which 
ruminate  or  chew  the  cud,  such  as  oxen,  sheep, 
and  deer.  They  have  divided  hoofs,  and  are 
destitute  of  front  teeth  in  the  upper  jaw. 

SACRAL.— Belonging  to  the  sacrum,  or  the  bone 
composed  usually  of  two  or  more  united  verte- 
brae to  which  the  sides  of  the  pelvis  in  vertebrate 
animals  are  attached. 

SARCODE. — Ths  gelatinous  material  of  which  the 
bodies  of  the  lowest  animals  (.Protozoa),  are  com- 
posed. 

ScujELL-E.— The  horny  plates  with  which  the  feet 
of  birds  are  generally  more  or  less  covered,  es- 
pecially in  front. 

SEDIMENTARY  FORMATIONS. — Rocks  deposited  as 
sediments  from  water. 

SEGMENTS. — The  transverse  rings  of  which  the 
body  of  an  articulate  animal  or  Annelid  is  com- 
posed. 

SEPALS. — The  leaves  or  segments  of  the  calyx,  or 
outermost  envelope  of  an  ordinary  flower.  They 
are  usually  green,  but  sometimes  brightly  col- 
ored. 

SERRATURES. — Teeth  like  those  of  a  saw. 

SESSILE. — Not  supported  on  a  stem  or  footstalk. 

SILURIAN  SYSTEM.— A  very  ancient  system  of  fos- 
siliferous  rocks  belonging  to  the  earlier  part  of 
the  Paleozoic  series. 

SPECIALIZATION. — The  setting  apart  of  a  particular 
organ  for  the  performance  ol  a  special  function. 

SPINAL  CHORD. — The  central  portion  of  the  nervous 
system  in  the  Vertebrata,  which  descends  from 
the  brain  through  the  arches  of  the  vertebrae, 
and  gives  off  nearly  all  the  nerves  to  the  various 
organs  of  the  body. 

STAMENS. — The  male  organs  of  flowering  plants, 
standing  in  a  circle  within  the  petals.  They 
usually  consist  of  a  filament  and  an  anther,  the 
anther  being  the  essential  part  in  which  the  pol- 
len, or  fecundating  dust,  is  formed. 

STERNL-.M.— The  breast-bone. 

STIGMA. — The  apical  portion  of  the  pistil  in  flower- 
ing plants. 

STIPULES.— Small  leafy  organs  placed  at  the  base 
ot  the  footstalks  of  the  leaves  in  many  plants. 

STYLE.— The  nvddle  portion  of  the  perfect  pistil, 
which  rises  like  a  column  from  the  ovary  and 
supports  the  stigma  at  Us  summit. 

SUBCUTANEOUS. — Situated  beneath  the  skin. 

SUCTORIAL. — Adapted  for  sucking. 

SUTURES  (in  the  skull).— The  lines  of  junction  of 
the  bones  of  which  the  skull  is  composed. 

TARSUS  (pi.  TARSI).— The  jointed  feet  of  articulate 
animals,  such  as  Insects. 

TELEOSTEAN  FISHES. — Fishes  of  the  kind  iamiliar 
to  us  in  tne  present  day,  having  the  skeleton 
usuaiiv  completely  ossified  and  the  scales  hornv. 


"''ENTACULA,  or  TENTACLES. — Delicate  fleshy  organs 
of  prehension  or  touch  possessed  by  many  of  the 
lower  animals. 

TERTIARY. — The  latest  geological  epoch,  immedi 
ately  preceding  the  establishment  of  the  present 
order  of  things. 

TRACHEA. — The  wind-nipe  or  passage  for  the  ad- 
mission of  air  to  the  lungs. 

TRIDACTYLE. — Three-fingered,  or  composed  ot  three 
movable  parts  attached  to  a  common  base. 

TRILOBITES.— A  peculiar  group  of  extinct  Crusta- 
ceans, somewhat  resembling  the  Woodlice  in  ex- 
ternal form,  and,  like  some  of  them,  capable  of 
rolling  themselves  up  into  a  ball.  Their  remains 
are  found  only  in  the  Paleozoic  rocks,  and  most 
abundantly  in  those  of  Silurian  age, 

TRIMORPHIC. — Presenting  three  distinct  forms. 

UMBELLiFER^e. — An  order  of  plants  in  which  th». 
flowers,  which  contain  five  stamens  and  a  pistil 
with  two  styles,  are  supported  upon  footstalks 
which  spring  from  the  top  of  the  flower  stem  and 
spread  out  like  the  wires  of  an  umbrell; ,  so  as  iu 
bring  all  the  flowers  in  the  same  head  (umbel) 
nearly  to  the  'same  level.  (Examples,  Parsley 
and  Carrot.) 

UNGULATA. — Hoofed  quadruped) . 

UNICELLULAR. — Consisting  of  a  single  cell. 

VASCULAR.— Containing  blood-vessels. 

VERMIFORM. — Like  a  worm. 

VERTEBRATA,  or  VERTEBRATE  ANIMALS. — The  high- 
est division  of  the  animal  kingdom,  so  called 
from  the  presence  in  most  cases  of  a  backbone 
composed  of  numerous  joints  or  vertebra,  which 
constitutes  the  center  of  the  skeleton  and  at  the 
same  time  supports  and  protects  the  central  parts 
of  the  nervous  system. 

WHORLS. — The  circles  or  spiral  lines  in  which  the 
parts  of  plants  are  arranged  upon  the  axis  of 
growth. 

WORKERS. — See  Neuter*. 

ZOEA-STAGE. — The  earliest  stage  tii  the  develop- 
ment of  many  of  the  higher  Crustacea,  so  called 
from  the  name  of  Zoea,  applied  to  these  young 
animals  when  they  were  su»oosed  to  constitute 
a  peculiar  genus. 

ZOOIDS.— In  many  of  the  lower  animals  (such  as 
the  Corals,  Medusae,  etc.)  reproduction  tan.es 
place  in  two  ways,  namely,  by  means  01  eggs 
and  by  a  process  of  budding  with  or  without 
separation  from  the  parent  of  the  product  of  the 
latter,  which  is  often  very  different  from  that  of 
the  egg.  The  individuality  of  the  species  is 
represented  by  the  whole  of  the  form  produced 
between  two  sexual  reproductions ;  and  these 
forms,  which  are  apparently  individual  animals 
have  been  called  zooids. 
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NATURE. 


LECTURE  L  that  kind  of  judgment  Which  has  been  forme* 

OF  ORGANIC  ky  a  man,  who,  of  course,  is  liable  to  judge 
erroneously  ;  but,  at  any  rate,  of  one  whose 
business  and  profession  it  is  to  form  judg- 

it  was  my  duty  to  consider  what  ments  upon  questions  of  this  nature, 
subject  I  would  select  for  the  six  lectures  And  here,  as  it  will  always  happen  when 
which  I  shall  now  have  the  pleasure  of  de-  dealing  with  an  extensive  subject,  the  greater 
livering  to  you,  it  occurred  to  me  that  I  could  part  of  my  course — if,  indeed,  so  small  a  num- 
not  do  better  than  endeavor  to  put  before  you  her  of  lectures  can  be  properly  called  a  course 
in  a  true  light,  or  in  wliat  I  might  perhaps  — must  be  devoted  to  preliminary  matters,  or 
wiih  more  modesty  caL  that  which  I  con-  rather  to  a  statement  of  those  facts  and  of 
ceive  myself  to  be  the  true  light  the  position,  those  principles  which  the  work  itself  dwells 
of  a  'book  'which  has  been,  more  praised  and  upon,  and  briugs  more  or  less  directly  before 
mere  abused,  perhaps,  ttian  auy  book  which  Us.  I  have  no  right  to  suppose  that  all  or  any 
has  appeared  for  some  years — 1  mean  Mr.  of  you  are  naturalists  ;  and  even  if  you  were, 
Darwin's  work  on  the  :  Origin  of  Species."  the  misconceptions  and  misunderstandings 
That  work,  I  doubt  not,  many  of  you  have  prevalent  even  among  naturalists  on  these 
read  ;  for  I  know  the  inquiring  spirit  which  matters  would  make  it  desirable  that  I  should 
is  rife  among  you.  At  any  rate,  all  of  you  take  the  course  1  now  propose  to  take — that  I 
will  have  heard  of  it — some  by  one  kind  of  should  start  from  the  beginning — that  I  should 
report  and  some  by  another  kind  of  report ;  endeavor  to  point  out  what  is  the  existing 
the  attention  of  all  and  the  curiosity  of  all  state  of  the  organic  world — that  I  should 
have  been  probably  more  or  less  excited  on  point  out  its  past  condition — that  1  should 
the  subject  of  that  work.  All  I  can  do,  and  state  what  is  the  precise  nature  of  the  under- 
all  I  shall  attempt  to  do,  is  to  put  before  y<vi  taking  which  Mr.  Darwin  has  taken  in  hand  \ 
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that  I  should  endeavor  to  show  you  what  are 
the  only  methods  by  which  that  undertaking 
can  be  brought  to  an  issue,  and  to  point  out  to 
you  how  far  the  author  of  the  work  in  question 
has  satisfied  those  conditions,  how  far  he  has 
not  satisfied  them,  how  far  they  are  satisfiable 
by  man,  and  how  far  they  are  not  satisfiable 
by  man.  And  for  to-night,  in  taking  up  the 
first  part  of  this  question,  I  shall  endeavor  to 
put  before  you  a  sort  of  broad  notion  of  pur 
knowledge  of  the  condition  of  the  living 
world.  There  are  many  ways  of  do'ng  this. 
1  might  deal  with  it  pictorially  and  graphi- 
cally. Following  the  example  of  Humboldt  in 
his  "  Aspects  of  Nature,"  I  might  endeavor 
to  point  out  the  infinite  variety  of  organic  life 
in  every  mode  of  its  existence,  with  reference 
to  the  variations  of  climate  and  the  like  ;  and 
such  an  attempt  would  be  fraught  with  in- 
terest to  us  all  ;  but  considering  the  subject 
before  us,  such  JL  course  would  not  be  that 
best  calculated  to  assist  us.  In  an  argument 
of  this  kind  we  must  go  farther  and  dig  deeper 
into  the  matter  ;  we  must  endeavor  to  look 
into  the  foundations  of  living  nature,  if  1  may 
so  say,  aud  discover  the  principles  involved  in 
some  of  her  most  secret  operations.  I  propose, 
therefore,  in  the  first  place,  to  take  some  ordi- 
nary animal  with  which  you  are  all  familiar, 
and,  by  easily  comprehensible  and  obvious  ex- 
amples drawn  from  it,  to  show  what  are  the 
kind  of  problems  which  living  beings  in  gen- 
eral lay  before  us  ;  and  I  shall  then  show  you 
that  the  same  problems  are  laid  open  to  us  by 
all  kinds  of  living  beings.  But,  first,  let  me 
say  in  what  sense  I  have  used  the  words  "  or- 
ganic nature."  In  speaking  of  the  causes 
which  lead  to  our  present  knowledge  of  or- 
ganic nature,  I  have  used  it  almost  as  an 
equivalent  of  the  word  "  living,"  and  for  this 
reason — that  in  almost  all  living  beings  you 
can  distinguish  several  distinct  portions  set 
apart  to  do  particular  things  and  work  in  a 
particular  way.  These  are  termed  "  organs," 
and  the  whole  together" is  called  "  organic." 
And  as  it  is  universally  characteristic  of  them, 
this  term  "  organic"  has  been  very  con- 
veniently employed  to  denote  the  whole  of 
living  nature — the  whole  of  the  plant  world, 
and  the  whole  of  the  animal  world. 

Few  animals  can  be  more  familiar  to  you 
than  that  whose  skeleton  is  shown  on  this  di- 
agram. You  need  not  bother  yourselves  with 
this  "  Equus  caballus"  written  under  it ;  that 
is  only  the  Latin  name  of  it,  and  does  not 
make  it  any  better.  It  simply  means  the 
common  horse.  Suppose  we  wish  to  under- 
stand all  about  the  horse.  Our  first  object 
must  be  to  study  the  structure  of  the  animal. 
The  whole  of  his  body  is  inclosed  within  a 
lide,  a  skin  covered  with  hair  ;  and  if  that 
tide  or  skin  be  taken  off,  we  find  a  great  mass 
jf  Sesh,  or  what  is  technically  called  muscle, 
being  the  substance  which  by  its  power  of 
contraction  enables  the  animal  to  move. 
These  muscles  move  the  hard  parts  one  upon 
the  other,  aud  so  give  that  strength  and  power 
of  motion  which  renders  the  horse  so  useful 
to  us  in  the  performance  of  those  services  in 
which  we  employ  them. 
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And  then,  on  separating  and  removing  the 
whole  of  this  skin  and  flesh,  you  have  a  great 
series  of  bones,  hard  structures,  bound  to- 
gether with  ligaments,  and  forming  the  skel 
eton  which  is  represented  here. 

In  that  skeleton  there  are  a  number  of  parts 
to  be  recognized.  This  long  series  of  bones, 
beginning  from  the  skull  and  ending  in  the 
tail,  is  called  the  spine,  and  these  in  front  are 
the  ribs  ;  and  then  there  are  two  pairs  of 
limbs,  one  before  and  one  behind  ;  aud  these 
are  what  we  all  know  as  the  fore-legs  and  the 
hind-legs.  If  we  pursue  our  researches  into 
the  interior  of  this  animal,  we  find  within  the 
framework  of  the  skeleton  a  great  cavity,  or 
rather,  I  should  say,  two  great  cavities — one 
cavity  beginning  in  the  skull  and  running 
through  the  neck-bones,  along  the  spine,  and 
ending  in  the  tail,  containing  the  brain  and 
the  spinal  marrow,  which  are  extremely  im- 
portant organs.  The  second  great  cavity, 
commencing  with  the  mouth,  contains  the 
gullet,  the  stomach,  the  long  intestine,  and  all 
the  rest  of  those  internal  apparatus  which  are 
essential  for  digestion  ;  and  then  in  the  same 
great  cavit.  there  are  lodged  the  heart  and 
all  the  great  vessels  going  from  it  ;  and,  be- 
sides that,  the  organs  of  respiration  —  the 
lungs  ;  an  then  the  kidneys,  and  the  organs 
of  reproductio.  ,  and  so  on.  Let  us  now  en- 
deavor to  reduce  this  notion  of  a  horse  that 
we  uov?  have,  to  some  such  kiud  of  simple 
expression  as  can  be  at  once,  and  without 
difficulty,  retained  in  the  mind,  apart  from  all 
minor  details.  If  I  make  a  transverse  section, 
that  is,  if  I  were  to  saw  a  dead  horse  across, 
I  should  find  that,  if  I  left  out  the  details, 
and  supposing  1  took  my  section  through  the 
anterior  region,  and  through  the  fore-limbs, 
I  should  have  here  this  kind  of  section  of  the 
body  (Fig.  1).  Here  would  be  the  upper  part 
of  the  animal — that  great  mass  of  bones  that 
vre  spoke  of  as  the  spine  (a,  Fig.  1).  Here  I 
should  have  the  alimentary  canal  (b,  Fig.  11 
Here  I  should  have  the  heart  (c,  Fig.  1) ;  and 
then  you  see,  there  would  be  a  kind  of  double 
tube,  the  whole  being  inclosed  within  the 
hide  ;  ths  spinal  marrow  would  be  placed  in 
the  upper  tube  (a.  Fig.  1),  and  in  the  lower 
tube  (b,  Fig.  I)  there  would  be  the  alimentary 
canal  and  the  heart ;  and  here  I  shall  have  the 
legs  proceeding  from  each  side.  For  sim- 
plicity's sake,  I  represent  them  merely  as 
stumps  (e  e,  Fig.  1).  Now  that  is  a  horse — as 
mathematicians  would  say  —  reduced  to  its 
most  simple  expression.  Carry  that  in  your 
minds,  if  you  please,  as  a  simplified  idea  of 
the  structure  of  the  horse.  The  considera- 
tions which  I  have  now  put  before  you  be- 
long to  what  we  technically  call  the  "  anat- 
omy" of  the  horse.  Now,  suppose  we  go  to 
work  upon  these  several  parts — flesh  and  hair, 
and  skin  and  bone — and  lay  open  these  vari- 
ous organs  with  our  scalpels,  and  examine 
them  by  means  of  our  magnifyiug-glasses, 
and  see  what  we  can  make  of  them.  We 
shall  find  that  the  flesh  is  made  up  of  bundle* 
of  strong  fibres.  The  brain  and  nerves,  too, 
we  shall  find,  are  made  up  of  fibres,  and 
these  queer-looking  things  that  are  called 
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ganglionic  corpuscles.  If  we  take  a  slice  of 
the  hone  and  examine  it,  we  shall  find  that  it 
is  very  like  this  diagram  of  a  section  of  the 
bone  of  an  ostrich,  though  differing,  of 
course,  in  some  details  ;  and  if  we  take  any 
part  whatsoever  of  the  tissue,  and  examine 
it,  we  shall  find  it  all  has  a  minute  stiucture, 
visible  oulyumler  the  microscope.  All  these 
parts  constitute  microscopic  anatomy  or 
"Histology."  These  parts  are  constantly 
being  changed  ;  every  part  is  constantly 
growing,  decaying,  and  being  replaced  during 
•,the  life  of  the  animal.  The  tissue  is  con- 
'stantly  replaced  by  new  material  ;  and  if  you 
go  back  to  the  young  stateof  the  tissue  in  the 
case  of  muscle,  or  in  the  case  of  skin,  or  any 
of  the  organs  I  have  mentioned,  you  will  find 
thut  they  all  come  under  the  same  condition. 
Every  one  of  these  microscopic  filaments 
and  fibres  (I  now  speak  merely  of  the  gen- 
eral character  of  the  whole  process) — every 
one  of  these  parts — could  be  traced  down  to 
some  modification  of  a  tissue  which  can  be 
readily  divided  into  little  particles  of  fleshy 
matter,  of  that  substance  which  is  composed 
of  the  chemical  elements,  carbon,  hydrogen, 
oxygen,  and  nitrogen,  having  such  a  shape 
as  this  (Fig.  2).  These  particles,  into  which 
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all  primitive  tissues  break  up.  are  called  ceh? 
If  1  were  to  make  a  section  of  a  piece  of  the 
skin  of  my  hand,  I  should  find  that  it  was 
made  up  of  these  cells.  If  I  examine  the 
fibres  which  form  the  various  organs  of  all 
living  animals,  I  should  find  that  all  of  them, 
at  one  time  or  other,  had  been  formed  out 
of  a  substance  consisting  of  similar  elements  ; 
so  that  you  see.  just  as  we  reduced  th«  whole 


body  in  the  gross  to  that  sort  of  simple  ex- 
pression given  in  Fig.  1,  so  we  may  reduce 
the  whole  of  the  microscopic  structural  ele- 
ments to  a  form  of  even  greater  simplicity ; 
just  as  the  plan  of  the  whole  body  may  be 
so  represented  in  a  sense  (Fig.  1),  so  the  pri- 
mary structure  of  every  tissue  may  be  repre- 
sented by  a  mass  of  cells  (Fig.  2). 

Having  thus,  in  this  sort  of  general  way, 
sketched  to  you  what  I  may  call,  perhaps, 
the  architecture  of  the  body  of  the  horse 
(what  we  terra  technically  its  morphology), 
1  must  now  turn  to  another  aspect.  A  horse 
is  not  a  mere  dead  structure  :  it  is  an  active, 
living,  working  machine.  Hitherto  we  have, 
as  it  were,  been  looking  at  a  steam-engine 
with  the  fires  out,  and  nothing  in  the  boiler  , 
but  the  body  of  the  living  animal  is  a  beau- 
tifully-formed active  machine,  and  every  part 
has  its  different  work  to  do  in  the  working 
of  that  machine,  which  is  what  we  call  its 
life.  The  horse,  if  you  see  him  after  his 
day's  work  is  done,  is  cropping  the  grass  IB 
the  fields,  as  it  may  be,  or  munching  the  oats 
in  his  stable.  What  is  he  doing  ?  His  jaws 
are  working  as  a  mill— and  a  very  complex 
mill  too — giiuding  the  corn,  or  crushing  the 
grass  to  a  pulp.  As  soon  as  that  operation 
has  taken  place,  the  food  is  passed  down  to 
the  stomach,  and  there  it  is  mixed  with  the 
chemical  fluid  called  the  gastric  juice,  a  sul* 
stance  which  has  the  peculiar  property  of 
making  soluble  and  dissolving  out  the  nutri- 
tious matter  in  the  grass,  and  leaving  behind 
those  parts  which  ate  not  nutritious  ;  so  that 
you  have,  first,  the  mill,  then  a  sort  of  chem 
ical  digester  ;  and  then  the  food,  thus  par- 
tially dissolved,  is  carried  back  by  the  mus- 
cular contractions  of  the  intestines  into  the 
hinder  parts  of  the  body,  while  the  solubla 
portions  are  taken  up  into  the  blood.  Th* 
blood  is  contained  in  a  vast  system  of  pipes, 
spreading  through  the  whole  body,  connected 
with  a  force-pump — the  heart — which,  by  to 
position  and  by  the  contractions  of  its  valves, 
keeps  the  blood  constantly  circulating  in  one 
direction,  never  allowing  it  to  rest ;  and  then, 
by  means  of  this  circulation  of  the  blood, 
laden  as  it  is  with  the  products  of  digestion, 
the  skin,  the  flesh,  the  hair,  and  every  othet 
part  of  the  body,  draws  from  it  that  which 
it  wants,  and  every  one  of  these  organs  de< 
lives  those  materials  which  are  necessary  to 
enable  it  to  do  its  work. 

The  action  of  each  of  these  organs,  the 
performance  of  each  of  these  various  dutie^ 
involve  in  their  operation  a  continual  absorp- 
tion of  the  matters  necessary  for  their  sup- 
port, from  the  blood,  and  a  constant  forma- 
ion  of  waste  products,  which  are  returned  t« 
the  blood,  and  conveyed  by  it  to  the  lungs 
and  the  kidneys,  which  are  organs  that  have 
allotted  to  them  the  office  of  extracting,  sep- 
arating, and  getting  rid  of  these  waste  pro- 
ducts ;  and  thus  the  general  nourishment, 
labor,  and  repair  of  the  whole  machine  is 
kept  up  with  order  and  regularity.  But  not 
only  is  it  a  machine  which  feeds  and  appro- 
priates to  its  own  support  the  nourishment 
necessary  to  its  existence — it  is  an  engine 
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for  locomotive  purposes.  The  horse  desires 
to  go  from  one  place  to  another  ;  and  to 
enable  it  to  do  this,  it  has  those  strong  eon- 
tractile  bundles  of  muscles  attached  to  the 
bones  of  its  limbs,  which  are  put  in  motion 
by  means  of  a  sort  of  telegraphic  apparatus 
formed  by  the  brain  and  the  great  spinal  cord 
running  through  the  spine  or  backbone  ;  and 
to  this  spinal  cord  are  attached  a  number  of 
fibres  termed  nerves,  which  proceed  to  all 
parts  of  the  structure.  By  means  of  these 
the  eyes,  nose,  tongue,  and  skin — all  the  or- 
gans of  perception — transmit  impressions  or 
sensations  to  the  brain,  which  acts  as  a  sort 
of  great  central  telegraph  office,  receiving 
impressions  and  sending  messages  to  all 
parts  of  the  body,  aud  putting  in  motion  the 
muscles  necessary  to  accomplish  any  move 
nit  ut  that  may  be  desired.  So  that  here  you 
have  an  extremely  complex  and  beautifully- 
proportioned  machine,  with  all  its  parts 
working  harmoniously  together  toward  one 
common  object — the  preservation  of  the  life 
of  the  animal. 

Now,  note  this  :  the  horse  makes  up  its 
waste  by  feeding,  and  its  food  is  grass  or 
oats,  or  perhaps  other  vegetable  pioducts  ; 
therefore,  in  the  long  run,  the  source  of  all 
this  complex  machinery  lies  in  the  vegetable 
kingdom.  But  where  does  the  grass,  or  the 
oat,  or  any  other  plant,  obtain  this  nourish- 
ing food  producing  material  ?  At  first  it  is 
a  little  seed,  which  soon  begins  to  draw  into 
iteelf  from  the  earth  and  the  surrounding  air 
matters  which  in  themselves  contain  no  vital 
properties  whatever  ;  it  absorbs  into  its  own 
substance  water,  an  inorganic  body ;  it 
draws  into  its  substance  carbonic  acid,  an  In- 
organic matter  ;  and  ammonia,  another  in- 
organic matter,  found  iu  the  air  ;  and  then, 
by  some  wonderful  chemical  process,  the  de- 
tails of  which  chemists  do  not  yet  under- 
stand, though  they  are  near  foreshadowing 
them,  it  combines  them  into  one  substance, 
which  is  known  to  us  as  "  proteiue,"  a  com- 
plex compound  of  caibon,  hydrogen, 
oxygen,  and  nitrogen,  which  alnne  possesses 
the  property  of  manifesting  vitality  and  of 
permanently  supporting  auirnal  life.  So 
that,  you  see,  the  waste  products  of  the  ani- 
mal economy,  the  effete  materials  which  are 
continually  being  thrown  off  by  all  living  be- 
ings, in  the  form  of  organic  matters,  are 
constantly  replaced  by  supplies  of  the  neces- 
sary repairing  and  rebuilding  materials  drawn 
from  the  plants,  which  in  their  turn  manu- 
facture them,  so  to  speak,  by  a  mysterious 
combination  of  those  same  inorganic  mate- 
rials. 

Let  us  trace  out  the  history  of  the  horse  in 
another  direction.  After  a  certain  time,  as 
the  result  of  sickness  or  disease,  the  effect  of 
accident,  or  the  consequence  of  old  age, 
sooner  or  later,  the  animal  dies.  The  multi- 
tudinous operations  of  this  beautiful  mechan- 
ism flag  in  their  performance,  the  horse  loses 
its  vigor,  and  after  passing  through  the  curi- 
ous series  of  changes  comprised  in  its  forma- 
tion and  preservation,  it  finally  decays,  and 
ends  its  life  by  going  hack  into  that  inorganic 


world  from  which  all  but  an  inappreciable 
fraction  of  its  substance  was  derived.  Its 
bones  become  mere  carbonate  and  phosphate 
of  lime  ;  the  matter  of  its  flesh,  and  of  iu 
other  parts,  becomes,  in  the  long  run,  con- 
verted into  carbonic  acid,  into  water,  and 
into  ammonia.  You  will  now  perhaps  un- 
derstand the  curious  relation  of  the  animal 
with  the  plant,  of  the  organic  with  the  in. 
organic  world,  which  is  shown  iu  this  dia 
gram. 

The  plant  gathers  these  inorganic  materials 
together  and  makes  them  up  into  its  own 
substance.  The  animal  eats  the  plant  ami 
appropriates  the  nutritious  portions  to  its 
own  sustenance,  rejects  and  gets  rid  of  the 
useless  matters  ;  aud,  finally,  the  animal  it 
self  dies,  and  its  whole  body  is  decomposed 
and  returned  into  the  inorganic  world. 
There  is  thus  a  constant  circulation  from  one 
to  the  other,  a  continual  formation  of  or- 
ganic life  from  inorganic  matters,  and  as 
constant  a  return  of  living  bodies  to  the  in- 
organic world  ;  so  that  the  materials  of  which 
our  bodies  are  composed  are  largely,  in  all 
probability,  the  substances  which  constituted 
the  matter  of  long  extinct  creations,  but 
which  have  in  the  interval  constituted  a  part 
of  the  inorganic  world. 

Thus  we  come  to  the  conclusion,  strange 
at  first  sight,  that  the  matter  constituting  the 
living  world  is  identical  with  that  which 
forms  the  inorganic  world.  And  not  less  true 
is  it  that,  remarkable  as  are  the  powers,  or, 
in  other  words,  as  are  the  forces  which  are 
exerted  by  living  beings,  yet  all  these  forces 
are  either  identical  with  those  which  exist  in 
the  inorganic  world,  or  they  are  convertible 
into  them  ;  I  mean  in  just  the  snme  sense  as 
the  researches  of  physical  philosophers  have 
shown  that  heat  is  convertible  into  electricity, 
that  electricity  is  convertible  into  magnetism, 
magnetism  into  mechanical  force  or  chemical 
force,  and  any  one  of  them  into  the  other, 
each  being  measurable  in  terms  of  the  other 
— even  so,  1  say,  that  great  law  is  applicable 
to  the  living  world.  Consider  why  is  tl>e 
skeleton  of  this  horse  capable  of  supporting 
the  masses  of  flesh  and  the  various  organs, 
forming  the  living  body,  unless  it  is  because 
of  the  action  of  the  same  forces  of  cohesion 
which  combines  together  the  particles  of 
matter  composing  this  piece  of  chalk  ?  What 
is  there  in  the  muscular  contractile  power 
of  the  animal  but  the  force  which  is  (xpress- 
ible,  and  which  is  in  a  certain  sense  conveil- 
ible,  into  the  force  of  gravity  which  it  over- 
comes? Or,- if  you  go  to  more  hidden  pro- 
cesses, in  what  does  the  process  of  digestion 
differ  from  those  processes  which  are  carried 
on  in  the  laboratory  of  the  chemist  ?  Even 
if  we  take  the  most  recondite  and  most  com- 
plex operations  of  animal  life — those  of  the 
nervous  system,  these  of  late  years  have  been 
shown  to  be— I  do  not  say  identical  in  any 
sense  with  the  electrical  processes — but  this 
has  been  shown,  that  they  are  in  some  way 
or  other  associated  with  them  ;  that  is  to  say, 
that  '-very  amount  of  nervous  action  is  ac- 
companied by  a  certain  amount  of  electrical 
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disturbance  $tt  the  particles  of  the  nerves  In 
which  that  nervous  action  is  cai  i  i<  d  on.  In 
this  way  the  nervous  action  is  related  ti>  elec- 
tricity in  the  same  way  that  heat  is  related  to 
eK-ctricity  ;  and  the  same  surt  of  aigument 
which  demonstrates  the  tw.)  latter  to  be  re- 
lated to  one  another  shows  that  the  nervous 
forces  are  correlated  to  electricity  ;  for  the 
experiments  of  M.  Dubois  Reymond  and 
•  ithers  have  shown  that  whenever  a  nerve  is 
in  a  state  of  excitement,  sending  a  message 
to  the  muscles  or  conveying  an  impression 
to  the  brain,  there  is  a  disturbance  of  the 
electrical  condition  of  that  nerve  which  does 
not  exist  at  other  times  ;  and  there  are  a 
number  of  other  facts  and  phenomena  of 
that  sort  ;  so  that  we  come  to  the  broad  con- 
clusion that  not  only  as  to  living  matter  it- 
self, hut  as  to  the  forces  that  matter  exerts, 
there  is  a  close  relationship  between  the  or- 
ganic and  the  inorganic  world — the  difference 
between  them  arising  from  the  diverse  com- 
bination and  disposition  of  identical  forces, 
and  not  from  any  primary  diversity,  so  far 
as  we  can  see. 

I  said  just  now  that  the  horse  eventually 
died  and  became  converted  into  the  same  in- 
organic substances  from  whence  all  but  an 
inappreciable  fraction  of  its  substance  de- 
munstrably  originated,  so  that  the  actual 
wanderings  of  matter  are  as  remarkable  as 
Ihe  transmigrations  of  the  soul  fabled  by  In- 
dian tradition.  But  before  death  has  oc- 
curred, in  the  one  sex  or  the  other,  and  in 
fact  in  both,  certain  products  or  parts  of  the 
organism  have  been  set  free,  certain  parts  of 
the  organism  of  the  two  sexes  have  come  into 
contact  with  one  another,  and  from  that 
conjunction  from  that  union  which  then 
takes  place,  there  results  the  formation  of  a 
new  being.  At  stated  times  the  mare,  fiom 
a  particular  part  of  the  interior  of  her  body, 
called  the  ovaiy,  gets  rid  of  a  minute  particle 
of  matter  comparable  in  all  essential  respects 
with  that  which  we  called  a  cell  a  little  while 
since,  which  cell  contains  a  kind  of  nucleus 
in  its  centre,  surrounded  by  a  clear  space  and 
by  a  viscid  mass  of  proteine  substance  (Fig. 
2) ;  and  though  it  is  different  in  appearance 
from  the  eggs  which  we  are  mostly  acquaint, 
ed  with,  it  is  really  an  egg.  After  a  time 
this  minute  particle  of  matter,  which  may 
only  be  a  small  fraction  of  a  grain  in  weight, 
undergoes  a  series  of  changes  —  wonderful, 
complex  changes.  Finally,  upon  its  surface 
there  is  fashioned  a  little  elevation,  which 
afterward  becomed  d'ndfld  and  marked  by  a 
groove.  The  lateral  boundaries  of  the  groove 
extend  upward  and  downwaid,  and  at  length 
give  rise  to  a  double  tube.  In  Ihe  upper 
smaller  tube  the  spinal  marrow  and  brain  are 
fashioned  ;  in  the  lower,  the  alimentary 
canal  and  heart,  and  at  length  two  pairs  of 
buds  shoot  out  at  the  sides  of  the  body, 
which  ate  the  rudiments  of  the  limbs.  In 
fact  a  true  drawing  of  a  section  of  the  em- 
bryo in  this  state  would  in  all  essential  le 
spects  resemble  that  diagram  of  a  horse  re- 
duced to  its  simplest  expression,  which  I  first 
placed  before  you  (Fig.  3), 
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Slowly  and  gradually  these  changes  take 
place.  The  whole  of  the  body  at  first  can 
be  broken  up  into  "  cells,"  which  become  in 
one  place  metamorphosed  into  muscle — in 
another  plate  into  gristle  and  bone  —  in  an- 
other place  into  fibrous  tissue — and  in  an- 
other into  hair  ;  every  part  becoming  grad- 
ually and  slowly  fashioned,  as  if  there  were 
an  artificer  at  work  at  each  of  these  complex 
structures  that  we  have  mentioned.  This 
embryo,  as  it  is  called,  then  passes  into  other 
conditions.  This  diagram  represents  the 
embryo  of  a  dog  ;  and  I  should  tell  you  that 
there  is  a  time  when  the  embryos  of  neither 
dog,  nor  horse,  nor  porpoise,  nor  monkey, 
nor  man,  can  be  distinguished  by  any  essen- 
tial feature  one  from  the  other  ;  there  is  a 
time  when  they  each  and  all  of  them  resem- 
ble this  one  of  the  dog.  But  as  development 
advances,  all  the  parts  acquire  their 
specialty,  till  at  length  you  have  the  embryo 
converted  into  the  form  of  the  parent  from 
which  it  started.  So  that  you  see,  this  hv- 
iug  animal,  this  horse,  begins  its  existence 
as  a  minute  particle  of  nitrogenous  matter, 
which,  being  supplied  with  nutriment  (de- 
rived, as  I  have  shown,  from  the  inorganic 
world),  grows  up  according  to  the  special 
type  and  construction  of  its  parents,  works 
and  undergoes  a  constant  waste,  and  that 
waste  is  made  good  by  nutriment  derived 
from  the  inoiganic  world  ;  the  waste  given 
off  in  this  way  being  directly  added  to  the  in- 
organic world  ;  and  eventually  the  animal  it- 
self dies,  and,  by  the  process  of  decompo- 
sition, its  whole  body  is  returned  to  those 
conditions  of  inorganic  matter  in  which  its 
substance  originated. 

This,  then,  is  that  which  is  true  of  every 
living  foim,  from  the  lowest  plant  to  the 
highest  animal — to  man  himself.  You  might 
define  the  life  of  every  one  in  exactly  the 
same  terms  as  those  which  I  have  now  used  ; 
the  difference  between  the  highest  and  the 
lowest  being  simply  in  the  complexity  of  the 
developmental  changes,  the  variety  of  the 
structural  forms,  the  diversity  of  the  physio- 
logical functions  which  are.  exerted  by  imch. 

If  I  were  to  take  an  oak  tree  as  a  specimen 
of  the  plant  world,  I  should  find  that  it  orig- 
inated in  an  acorn,  which,  too,  commenced 
in  a  cell ;  the  acorn  is  placed  in  the  ground, 
and  it  very  speedily  begins  to  absorb  the  in* 
organic  matters  I  have  named,  adds  enor- 
mously to  its  bulk,  and  we  can  see  it,  year 
after  year,  extending  itself  upward  and 
downward,  attracting  and  appropriating  to 
Itself  inorganic  materials,  which  it  vivifies, 
and  eventually,  as  it  ripens,  gives  off  its  own 
proper  acorns,  which  again  run  the  same 
course.  But  I  need  not  multiply  examples 
— from  the  highest  to  the  lowest  the  essential 
features  of  life  are  the  same,  as  I  have  de* 
scribed  in  each  of  these  cases. 

So  much,  then,  for  these  particular  features 
of  the  organic  world,  which  you  can  under- 
stand  and  comprehend,  so  long  as  you  con- 
fine yourself  to  one  sort  of  living  being,  and 
study  that  only. 

But,  as  you  know,  horses  are  not  the  only 
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Hring  creatures  in  the  world ;  and  again, 
horses,  like  all  other  animals,  have  certain 
limits — are  confined  to  a  certain  area  on  the 
surface  of  the  earth  on  which  we  live — and, 
as  that  is  the  simpler  matter,  I  may  take  that 
first.  In  its  wild  state,  and  before  the  dis- 
covery of  America,  when  the  natural  state  of 
things  was  interfered  with  by  the  Spaniards, 
the  horse  was  only  to  be  found  in  parts  of 
the  earth  which  are  known  to  geographers  as 
the  Old  World  ;  that  is  to  say,  you  might 
meet  with  horses  in  Europe,  Asia,  or  Africa  ; 
but  there  were  none  in  Australia,  and  there 
were  none  whatsoeverin  the  whole  continent 
of  America,  from  Labrador  down  to  Cape 
Horn.  This  is  an  empirical  fact,  and  it  is 
what  is  called,  stated  in  the  way  I  have  giv- 
en it  you,  the  "  geographical  distribution" 
of  the  horse. 

Why  horses  should  be  found  in  Europe, 
Asia,  and  Africa,  and  not  in  America,  is  not 
obvious  ;  the  explanation  that  the  conditions 
of  life  in  America  are  unfavorable  to  their 
existence,  and  that,  therefore,  they  had  not 
been  created  there,  evidently  does  not  ap- 
ply ;  for  when  the  invading  Spaniards,  or 
our  own  yeomen  farmers,  conveyed  horses 
to  these  countries  for  their  own  use,  they 
were  found  to  thrive  well  and  multiply  very 
rapidly  ;  and  many  are  even  now  running 
wild  in  those  countries,  and  in  a  perfectly 
natural  condition.  Now,  suppose  we  were 
to  do  for  every  animal  what  we  have  here 
done  for  the  horse— that  is,  to  mark  off  and 
distinguish  the  particular  district  or  region 
to  which  each  belonged  ;  and  supposing  we 


tabulated  all  these  results,  that  would  be 
called  the  geographical  distribution  of  ani- 
mals, while  a  corresponding  study  of  plants 
would  yield  as  a  result  the  geographical  dis- 
tribution of  plants. 

I  pass  on  from  that  now,  as  I  merely 
wished  to  explain  to  you  what  I  meant  by 
the  use  of  the  term  "  geographical  distribu- 
tion." As  I  said,  there  is  another  aspect, 
and  a  much  more  important  one,  and  that  is, 
the  relations  of  the  various  animals  to  one 
aaother.  The  horse  is  a  very  well-defined 
matter-of-fact  sort  of  animal,  and  we  are  all 
pretty  familiar  with  its  structure.  I  dare 
say  it  may  have  struck  you  that  it  resem- 
bles very  much  no  other  member  of  the  ani- 
mal kingdom,  except  perhaps  the  zebra  or 
the  ass.  But  let  me  ask  you  to  look  along 
these  diagrams.  Here  is  the  skeleton  of  the 
horse,  and  here  the  skeleton  of  the  dog. 
You  will  notice  that  we  have  in  the  horse  a 
skull,  a  backbone  and  ribs,  shoulder-blades 
and  haunch-bones.  In  the  fore  limb,  one 
upper-arm  bone,  two  fore-arm  bones,  wrist- 
bones  (wrongly  called  knee),  and  middle 
hand-bones,  ending  in  the  three  bones  of  a 
finger,  the  last  of  which  is  sheathed  iu  the 
horny  hoof  of  the  fore-foot  ;  in  the  hind- 
limb,  one  thigh-bone,  two  leg-bones,  ankle- 
bones,  and  middle  foot -bones,  ending  in  the 
three  bones  of  a  toe,  the  last  of  which  is  in- 
cased in  the  hoof  of  the  hind-foot.  Now 
turn  to  the  dog's  skeleton.  We  find  identi- 
cally the  same  bones,  but  more  of  them, 
there  being  more  toes  in  each  foot,  and  hence 
more  toe-bones. 

Well,  that  is  a  very  curious  thing  !  The  fact 
is  that  the  dog  and  the  horse — when  one  gets 
a  look  at  them  without  the  outward  impedi- 
ments of  the  skin — are  found  to  be  made  in 
very  much  the  same  sort  of  fashion.  And 
if  I  were  to  make  a  transverse  section  of  the 
dog,  I  should  find  the  same  organs  that  I 
have  already  shown  you  as  forming  paits  of 
the  horse.  Well,  here  is  another  skeleton — 
that  of  a  kind  of  lemur — you  see  he  has  just 
the  same  bones ;  and  if  I  were  to  make  a 
transverse  section  of  it,  it  would  be  just  the 
same  again.  In  your  mind's  eye  tuin  him 
around,  so  as  to  put  his  backbone  in  a 
position  inclined  obliquely  upward  and  for- 
ward, just  as  in  the  next  three  diagrams, 
which  represent  the  skeletons  of  an  (rang, 
a  chimpanzee,  a  gorilla,  and  you  find  you 
have  no  trouble  in  identifying  the  bones 
throughout ;  and  lastly,  turn  to  the  end  of  * 
the  series,  the  diagram  representing  a  man's 
skeleton,  and  still  you  find  no  great,  structu- 
ral feature  essentially  altered.  There  aie  the 
same  bones  in  the  same  relations.  From  the 
horse  we  pass  on  and  on,  with  gradual  steps, 
until  we  arrive  at  last  at  the  highest  known 
forms.  On  the  other  hand,  take  the  other 
line  of  diagrams,  and  pass  from  the  horse 
downward  in  the  scale  to  this  fish  ;  and  still, 
though  the  modifications  are  vastly  greater, 
the  essential  framework  of  the  organization 
remains  unchanged.  Here,  for  instance,  is  a 
porpoise  ;  here  is  its  strong  backbone,  with 
the  cavity  running  through,  it,  which  coil* 
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tains  the  spinal  cord  ;  here  are  the  ribs,  here 
the  shoulder-blade  ;  here  is  the  little  short 
upper-arm  bone,  here  are  the  two  fore-arm 
hones,  the  wrist-bone,  and  the  finger-bones. 
Strange,  is  it  not,  that  the  porpoise  should 
have  in  this  queer-looking  affair — its  flapper 
(as  it  is  called) — the  same  fundamental  ele- 
ments as  the  fore-leg  of  the  horse  or  the  dog, 
or  the  ape  or  man  ?  and  here  you  will  notice 
a  very  curious  thing — the  hinder  limbs  are 
absent.  Now,  let  us  make  another  jump. 
Let  us  go  to  the  codfish  :  here  you  see  is  the 
fore-arm,  in  this  large  pectoral  fin — carrying 
your  mind's  eye  onward  from  the  flapper  of 
the  porpoise.  And  here  you  have  the  hinder 
limbs  restored  in  the  shape  of  these  ventral 
fins.  If  1  were  to  make  a  transverse  section 
of  this,  I  should  find  just  the  same  organs 
that  we  hare  before  noticed.  So  that,  you 
see,  there  comes  out  this  strange  conclusion 
as  the  result  of  our  investigations,  that  the 
horse,  when  examined  and  compared  with 
other  animals,  is  found  by  no  means  to  stand 
alone  in  nature ;  but  that  there  are  an 
enormous  number  of  other  creatures  which 
have  backbones,  ribs,  and  legs,  and  other 
paits  arranged  in  the  same  general  manner, 
and  in  all  their  formation  exhibiting  the  same 
broad  peculiarities. 

I  am  sure  that  you  cannot  have  followed 
me  even  in  this  extn  mely  elementary  expo- 
sition of  the  structural  relations  of  animals, 
without  seeing  what  I  have  Deen  driving  at 
all  through,  which  is  to  show  you  that,  step 
by  step,  naturalists  have  come  to  the  idea  of 
a  unity  of  plan,  or  conformity  of  construe 
tion,  among  animals  which  appeared  at  first 
sight  to  be  extremely  dissimilar. 

And  here  you  have  evidence  of  such  a 
unity  of  plan  among  ail  the  animals  which 
have  backbones,  a.  which  we  technically 
^all  Vertebrate.  But  there  are  multitudes  of 
ther  animals,  such  as  crabs,  lobsters,  spiders, 
nd  so  on,  which  we  term  Annuiom.  In 
raese  I  could  not  point  out  to  you  the  parts 
lhat  correspond  with  those  of  the  horse — the 
backbone,  for  instance  —  as  they  are  con- 
structed upon  a  very  different  principle, 
which  is  also  common  to  all  of  them  ;  that  k 
to  say,  the  lobster,  the  spider,  and  the  centi- 
pede have  a  common  plan  running  through 
their  whole  arrangement,  in  just  the  same 
way  that  the  horse,  the  dog,  and  the  porpoise 
assimilate  to  each  other. 

Yet  other  creatures — whelks,  cuttlefishes, 
oysters,  snails,  and  all  their  tribe  (Mottusca*) 
— resemble  one  another  in  the  Sfime  way,  but 
differ  from  both  Vertebrate,  and  Annultoa ; 
and  the  like  is  true  of  the  animals  called 
C&lenterata  (polypes)  and  Protozoa  (animal- 
cules and  sponges). 

Now  by  pursuing  this  sort  of  comparison, 
naturalists  have  arrived  at  the  conviction 
that  there  are— some  think  five,  and  some 
seven — but  certainly  not  more  than  the  latter 
number — and  perhaps  it  is  simpler  to  assume 
five— distinct  plans  or  constructions  in  the 
•whole  of  the  animal  world  ;  and  that  the 
hundreds  of  thousands  of  species  of  creatures 
on  the  (surface  cf  the  earth  are  all  reducible 
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to  those  five,  or,  at  most,  seven,  plans  of  or- 
ganization. 

But  can  we  go  no  farther  than  that  ? 
When  one  has  got  so  far,  one  is  tempted  to 
go  on  a  step  and  inquire  whether  we  cannot 
go  back  yet  farther  and  bring  down  the  whole 
to  modifications  of  one  primordial  unit.  The 
anatomist  cannot  do  this  ;  but  if  he  call  t» 
his  aid  the  study  of  development,  he  can  dc 
it.  For  we  shall  find  that,  distinct  as  thos( 
plans  are,  whether  it  be  a  porpoise  or  man 
or  lobster,  or  any  of  those  other  kinds  1  have 
mentioned,  every  one  begins  its  existence 
with  one  and  the  same  primitive  form — that 
of  the  egg,  consisting,  as  we  have  seen,  of  a 
nitrogenous  substance,  having  a  small  par- 
ticle or  nucleus  in  the  centre  of  it.  Further- 
more, the  earlier  changes  of  each  are  substan- 
tially the  same.  And  it  is  in  this  that  lies 
that  true  "  unity  of  organization"  of  the  an- 
imal kingdom  which  has  been  guessed  at  and 
fancied  for  many  years  ;  but  which  it  has 
been  l«ft  to  the  present  time  to  be  demon- 
strated by  the  careful  study  of  development. 
But  is  it  possible  to  go  another  step  farther 
still,  and  to  show  that  in  the  same  way  the 
whole  of  the  organic  world  is  reducible  to 
one  primitive  condition  of  form  ?  Is  there 
among  the  plants  the  same  primitive  form  of 
organization,  and  is  that  identical  with  that 
of  the  animal  kingdom  ?  The  reply  to  that 
question,  too,  is  not  uncertain  or  doubtful. 
It  is  now  proved  that  every  plant  begins  its 
existence  under  the  same  form  ;  that  is  to 
say,  in  that  of  a  cell — a  particle  of  nitro- 
genous matter  having  substantially  the  same 
conditions.  So  that  if  you  trace  back  the  oak 
to  its  first  germ,  or  a  man,  or  a  horse,  or  lob- 
ster, or  oyster,  or  any  other  animal  you 
choose  to  name,  you  shall  find  each  and  all 
of  these  commencing  their  existence  in  forms 
essentially  similar  to  each  other  ;  and,  fur- 
thermore, that  the  first  processes  of  growth, 
and  many  of  the  subsequent  modifications, 
are  essentially  the  same  in  principle  in  almost 
all. 

In  conclusion,  let  me,  in  a  few  words,  re- 
capitulate the  positions  which  I  have  laid 
down.  And  you  must  understand  that  I 
have  not  been  talking  mere  theory  ;  I  have 
been  speaking  of  matters  which  are  as  plainly 
demonstrable  as  the  commonest  propositions 
of  Euclid— of  facts  that  must  form  the  basis 
of  all  speculations  and  beliefs  in  biological 
science.  We  have  gradually  traced  down  all 
organic  forms,  or,  in  other  words,  we  have 
analyzed  the  present  condition  of  animated 
nature,  until  ~re  found  that  each  species 
took  its  origin  in  a  form  similar  to  that  un- 
der which  all  the  others  commence  their  ex- 
istence. We  have  found  the  whole  of  the 
vast  array  of  living  forms,  with  which  we 
are  surrounded,  constantly  growing,  increas- 
ing, decaying,  and  disappearing  ;  the  animal 
constantly  attracting,  modifying,  and  apply- 
ing to  its  sustenance  the  matter  of  the  vege- 
table kingdom,  which  derived  its  support 
from  the  absorption  and  conversion  of  in- 
organic matter.  And  so  constant  and  uni- 
l  is  this  absorption,  waste,  and  repro 
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duction,  that  it  may  be  said  with  perfect  cer- 
tainty that  there  is  left  in  no  one  of  our 
bodies  at  the  present  moment  a  millionth 
part  of  the  matter  of  which  they  were  origin- 
ally formed  !  We  have  seen,  again,  that  nor 
only  is  the  living  matter  derived  from  the 
inorganic  world,  but  that  the  forces  of  that 
matter  are  all  of  them  correlative  with  and 
convertible  into  those  of  inorganic  nature. 

This,  for  our  present  purposes,  is  the  best 
view  of  the  present  condition  of  organic  na- 
ture which  I  can  lay  before  you  ;  it  gives 
you  the  great  outlines  of  a  vast  picture, 
which  you  must  fill  up  by  your  own  study. 

In  the  next  lecture  I  shall  endeavor  in  the 
same  way  to  go  back  into  the  past,  and  to 
sketch  in  the  same  broad  manner  the  history 
of  life  in  epochs  preceding  our  own. 

LECTURE  II. 

THE  PAST  CONDITION   OP  ORGANIC  NATURE. 

IN  the  lecture  which  I  delivered  last  Mon- 
day evening  I  endeavored  to  sketch  in  a  very 
biief  manner,  but  as  well  as  the  lime  at  my 
disposal  would  permit,  the  present  condition 
of  organic  nature,  meaning  by  that  large  title 
simply  an  indication  of  the  great,  broad,  and 
general  principles  which  are  to  be  discovered 
by  those  who  look  attentively  at  the  phe- 
nomena of  organic  nature  as  at  present  dis- 
played. The  general  result  of  our  investiga- 
tions might  be  summed  up  thus  :  we  found 
that  the  multiplicity  of  the  forms  of  animal 
life,  great  as  that  may  be,  may  be  reduced  to 
a  comparatively  few  primitive  plans  or  types 
of  construction  ;  that  a  further  study  of  the 
development  of  those  different  forms  revealed 
to  us  that  they  were  again  reducible,  until 
we  at  last  brought  the  infinite  diversity  of 
animal,  and  even  vegetable  life,  down  to  the 
primordial  form  of  a  single  cell. 

We  found  that  our  analysis  of  the  organic 
world,  whether  animals  or  plants,  showed, 
in  the  long  run,  that  they  might  both  be  re- 
duced into,  and  were,  in  facl,  composed  of 
the  same  constituents.  And  we  saw  that  the 
plant  obtained  the  mateiials  constituting  its 
substance  by  a  peculiar  combination  of  mat- 
ters belonging  entirely  to  the  inorganic 
world  ;  that,  then,  the  animal  was  constantly 
appropriating  the  nitrogenous  matters  of  the 
plant  to  its  own  nourishment,  and  returning 
them  back  to  the  inorganic  world,  in  what 
we  spoke  of  as  its  waste  ;  and  that,  finally, 
when  the  animal  ceased  to  exist,  the  constit- 
uents of  its  body  were  dissolved  and  trans- 
mitted to  that  inorganic  world  whence  they 
had  been  at  first  abstracted.  Thus  we  saw 
in  both  the  blade  of  grass  and  the  horse,  but 
the  same  elements  differently  combined  and 
arranged.  We  discovered  a  continual  circu- 
lation going  on — the  plant  drawing  in  the 
elements  of  inorganic  nature  and  combining 
them  into  food  for  the  animal  creation  ;  the 
animal  borrowing  from  the  plant  the  matter 
for  its  own  support,  giving  off  during  its  life 
products  which  returned  immediately  to  the 
inorganic  world  ;  and  that  eventually  the 


constituent  materials  of  the  •whole  structure 
of  both  animals  and  plants  were  thus  returned 
to  their  original  source  :  there  was  a  con- 
stant passage  from  one  state  of  existence  to 
another,  and  a  returning  back  again. 

Lastly,  when  we  endeavored  to  form  some 
notion  of  the  nature  of  the  forces  exercised 
by  living  beings,  we  discovered  that  they— if 
not  capable  of  being  subjected  to  the  same 
minute  analysis  as  the  constituents  of  those 
beings  themselves — that  they  were  correla- 
tive with — that  they  were  the  equivalents  of 
the  forces  of  inorganic  nature  —  that  they 
were,  in  the  sense  in  which  the  term  is  now 
used,  convertible  with  them.  That  was  our 
general  result. 

And  now,  leaving  the  present,  I  must  en- 
deavor in  the  same  manner  to  put  before  you 
the  facts  that  are  to  be  discovered  in  the 
past  history  of  the  living  world,  in  the  past 
conditions  of  organic  nature.  We  have,  to- 
night, to  deal  with  the  facts  of  that  history 
— a  history  involving  periods  of  time  before 
which  our  mere  human  records  sink  into 
utter  significance — a  history  the  variety  and 
physical  magnitude  of  whose  events  cannot 
even  be  foreshadowed  by  the  history  of  hu- 
man life  and  human  phenomena — a  history 
of  the  most  varied  and  Ci'.mplex  character. 

We  mujt  deal  with  the  history,  then,  in 
the  fiist  place,  as  we  should  deal  with  all 
other  histories.  .The  historical  student 
knows  that  his  first  business  should  be  to  in- 
quire into  the  validity  of  his  evidence,  and 
the  nature  of  the  record  iu  which  the  evi- 
dence is  contained,  that  he  may  be  able  to 
form  a  proper  estimate  of  the  correctness  of 
the  conclusions  which  have  been  drawn  from 
that  evidence.  So,  here,  we  must  pass,  in 
the  first  place,  to  the  consideration  of  a  mat- 
tjr  which  may  seem  foreign  to  the  question 
under  discussion.  We  must  dwell  upon  the 
nature  of  the  records,  and  the  credibility  of 
the  evidence  they  contain  ;  we  must  look  to 
the  completeness  or  incompleteness  of  those 
records  themselves,  before  we  turn  to  that 
which  they  contain  and  reveal.  The  ques- 
>ion  of  the  credibility  of  the  history,  happily 
'for  us,  will  not  require  much  consideration, 
for,  in  this  history,  unlike  those  of  human 
origin,  there  can  be  no  cavilling,  no  differ- 
ences as  to  the  reality  and  truth  of  the  facts 
of  which  it  is  made  up  ;  the  fact?  state  them- 
selves, and  are  laid  out  cleaily  before  us. 

But,  although  one  of  the  greatest  difficul- 
ties of  the  historical  student  is  cleared  out  of 
our  path,  there  are  other  difficulties — difficul- 
ties in  rightly  interpreting  the  facts  as  they 
are  presented  to  us — which  may  be  compared 
with  the  greatest  difficulties  of  any  other 
kinds  of  historical  study. 

What  is  this  record  of  the  past  history  of 
the  globe,  and  what  are  the  questions  which 
are  involved  in  an  inquiry  into  its  complete- 
ness or  incompleteness?  That  record  is  com- 
posed of  mud  ;  and  the  question  which  we 
have  to  investigate  this  evening  resolves  itself 
into  a  question  of  the  formation  of  mud. 
You  may  think,  perhaps,  that  this  is  a  vast 
step— of  almost  from  the  sublime  to  the 
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ridiculous — from  the  contemplation  of  the 
history  of  the  past  ages  of  the  world's  exist- 
ence to  the  consideration  of  the  history  of  the 
formation  of  mud  !  But,  in  nature,  there  is 
nothing  mean  and  unworthy  of  attention  ; 
there  is  nothing  ridiculous  or  contemptible  in 
any  of  her  works  ;  and  this  inquiry,  you  will 
soon  see,  I  hope,  takes  us  to  the  very  root 
and  foundations  of  our  subject. 

How,  then,  is  mud  formed  ?  Always, 
with  some  trifling  exception,  which  I  need 
not  consider  now — always,  as  the  result  of 
tbe  action  of  water,  wearing  down  and  dis- 
integrating the  surface  of  the  earth  and  rocks 
with  which  it  conies  in  contact — pounding 
and  grinding  it  down,  and  carrying  the  par- 
ticles away  to  places  where  they  cease  to  be 
disturbed  by  this  mechanical  action,  and 
where  they  can  subside  and  rest.  For  the 
ocean,  urged  by  winds,  washes,  as  we  know, 
a  long  extent  of  coast,  and  every  wave, 
loaded  as  it  is  with  particles  of  sand  and 
#  ravel  as  it  breaks  upon  the  shore,  does  some- 
thing toward  the  disintegrating  process. 
And  thus,  slowly  but  surely,  the  hardest 
Tocks  are  gradually  ground  down  to  a  pow- 
dery substance  ;  and  the  mud  thus  formed, 
coarser  or  finer,  as  the  case  may  be,  is  car- 
ried by  the  rush  of  the  tides,  or  currents,  till 
it  reaches  the  comparatively  deeper  parts  of 
tbe  ocean,  in  which  it  can  sink  to  the  bottom, 
that  is,  to  parts  where  there  is  a  depth  of 
about  fourteen  or  fifteen  fathoms,  a  depth  at 
which  the  water  is,  usually,  nearly  motion- 
less, and  in  which,  of  course,  the  finer  par- 
ticles of  this  detritus,  or  mud,  as  we  call  it, 
sinks  to  the  bottom. 

Or,  again,  if  you  take  a  river,  rushing 
down  from  its  mountain  sources,  brawling 
over  the  stones  and  rocks  that  intersect  its 
path,  loosening,  removing,  and  carrying  with 
it  in  its  downward  course  the  pebbles  and 
lighter  matters  from  its  banks,  it  crushes  and 
pounds  down  the  rocks  and  earths  in  pre- 
cisely the  same  way  as  the  wearing  action  of 
the  sea  waves.  The  matters  forming  the  de- 
posit are  torn  from  the  mountain-side  and 
whirled  impetuously  into  the  valley,  more 
slowly  over  the  plain,  thence  into  the  estuary, 
and  from  the  estuary  they  are  swept  into  the 
sea.  The  coarser  and  heavier  fragments  are 
obviously  deposited  first,  that  is,  as  soon  as 
the  current  begins  to  lose  its  force  by  becom- 
ing amalgamated  with  the  stiller  depths  of 
the  ocean,  but  the  finer  and  lighter  particles 
are  carried  further  on,  and  eventually  de- 
posited in  a  deeper  and  stiller  portion  of  the 
ocean. 

It  clearly  follows  from  this  that  mud  gives 
us  a  chronology  ;  for  it  is  evident  that  sup- 
posing this,  which  I  now  sketch,  to  be  the 
sea-bott!  m,  and  supposing  this  to  be  a  c>,ast- 
line  ;  from  the  washing  action  of  the  sea 
upon  the  rock,  wearing  and  grinding  it 
down  into  a  sediment  of  mud,  the  mud  will 
be  carried  down,  and  at  length  deposited  in 
the  deeper  parts  of  this  sea-bottrm,  where  it 
will  form  a  layer  ;  and  then,  while  that  first 
bvyer  is  hardening,  other  mud  which  is  com- 
i>tg  from  the  same  source  will,  of  course,  be 


carried  to  the  same  place  ;  and,  as  it  is  quite 
impossible  for  it  to  get  beneath  the  layer 
already  there,  it  deposits  itself  above  it,  and 
forms  another  layer,  and  in  that  way  you 
gradually  have  layers  of  mud  constantly  form- 
ing and  hardening  oiie  above  the  other,  and. 
conveying  a  record  of  time. 

It  is  a  necessary  result  of  the  operation  of  the 
law  of  gravitation  that  the  uppermost  layer 
shall  be  the  youngest  and  the  li/west  the  old- 
est, and  that  the  different  beds  shall  be  older 
at  any  particular  point  or  spot  in  exactly  the 
ratio  of  their  depth  from  the  surface.  So 
that  if  they  were  upheaved  afterward,  and 
you  had  a  series  of  these  different  layers  of 
mud,  converted  into  sandstone,  or  limestone, 
as  the  case  might  be,  you  might  be  sure  that 
the  bottom  layer  was  deposited  first,  and 
that  the  upper  layers  were  formed  afterward. 
Here,  you  see,  is'the  first  step  in  the  history 
— these  layers  of  mud  give  us  an  idea  of 
time. 

The  -whole  surface  of  the  earth — I  speak 
broadly,  and  leave  out  minor  qualifications — 
is  made  up  of  such  layers  of  mud,  so  hard, 
the  majority  of  them,  tht»t  we  call  them 
rock,  whether  limestone  or  sandstone,  or  other 
varieties  of  rock.  And,  seeing  that  every 
part  of  the  crust  of  the  earth  is  made  up  in 
this  way,  yuu  might  think  that  the  determi- 
nation of  the  chionology,  the  fixing  of  the 
time  which  it  has  taken  to  form  this  crust,  is 
a  comparatively  simple  matter.  To  take  a 
broad  average,  ascertain  how  fast  the  mud  is 
deposited  upon  the  bottom  of  the  sea,  or  in 
the  estuary  of  livers  ;  take  it  to  be  an  inch 
or  two,  or  thiee  inches  a  year,  or  whatever 
you  may  roughly  estimate  it  at,  then  take 
the  total  thickness  of  the  whole  series  of 
stratified  rocks,  which  geologists  estimate  at 
twelve  or  thirteen  miles,  or  about  seventy 
thousand  feet,  make  a  sum  in  short  division, 
divide  the  total  thickness  by  that  of  the  quan- 
tity deposited  in  one  year,  and  the  result 
will,  of  couise,  give  you  the  number  of  years 
which  the  crust  has  taken  to  form. 

Truly,  that  looks  a  very  simple  process  I 
It  would  be  so  except  for  certain  difficulties, 
the  very  first  of  which  is  that  of  finding  how 
rapidly  sediments  are  deposited  ;  but  the 
main  difficulty— a  difficulty  which  renders 
any  certain  calculations  of  such  a  matter  out 
of  the  question — is  this,  the  sea- bottom  on 
which  the  deposit  takes  place  is  continually 
shifting. 

Instead  of  the  surface  of  the  earth  being 
that  stable,  fixed  thing  that  it  is  popularly 
believed  to  be,  being,  in  common  parlance, 
the  very  emblem  of  fixity  itself,  it  is  inces- 
santly moving,  and  is,  in  fact,  as  unstable  as 
the  surface  of  the  sea,  except  that  its  undula- 
tions are  infinitely  slower  and  enormously 
higher  and  deeper. 

Now,  what  is  the  effect  of  this  oscillation  ? 
Take  the  case  to  which  I  have  previously  re- 
ferred. The  finer  or  coarser  sediments  that 
are  carried  down  by  the  current  of  the  river, 
%vi!i  only  be  carried  out  a  certain  distancy 
and  eventually,  as  we  have  already  seen,  on 
..aching  the  stiller  pait  of  the  ocean,  will  be 
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deposited  at  the  bottom. 

Let  C  y  (Fig.  4)  be  the  sea-bottom,  y  D  the 
shore,  x  y  the  sea-level,  then  the  coarser  de- 
posit will  subside  over  the  region  B,  the  finer 
over  A,  while  beyond  A  there  will  be  no  de- 
posit at  all ;  and,  consequently,  no  record 
will  be  kept,  simply  because  no  deposit  is 
going  on.  Now,  suppose  that  the  whole 
land,  C  D,  which  we  have  regarded  as  sta- 
tionary, goes  down,  as  it  does  so,  both  A  and 
B  go  farther  out  from  the  shore,  which  will 
be  at  y1,  x1,  y1,  being  the  new  sea-level.  The 
consequence  will  be  that  the  layer  of  mud 
(A),  being  now,  for  the  most  part,  further 
than  the  force  of  the  current,  is  strong 
enough  to  convey  even  the  finest  debris,  will, 
of  course,  receive  no  more  deposits,  and  hav- 
ing attained  a  certain  thickness  will  now  grow 
no  thicker. 

We  should  be  misled  in  taking  the  thick- 
ness of  that  layer,  whenever  it  may  be  ex- 
posed to  our  view,  as  a  record  of  time  in  the 
manner  in  which  we  are  now  regarding  this 
subject,  as  it  would  give  us  only  an  imper- 
fect and  partial  record  it  would  seem  to  rep- 
resent too  short  a  period  of  time. 

S»ppose,  on  the'other  hand,  that,  the  land 
(C  D)  had  gone  on  rising  slowly  and  grad- 
ually— say  an  inch  or  two  inches  in  the 
course  of  a  century — what  would  be  the 
practical  effect  of  that  movement  ?  Why, 
that  the  sediment  A  and  B  which  has  been 
already  deposited,  would  eventually  be 
brought  nearer  to  the  shore-level,  and  again 
subjected  to  the  wear  and  tear  of  the  sea  ; 
and  directly  the  sea  begins  to  act  upon  it,  it 
would  of  course  soon  cut  up  and  carry  it 
away,  to  a  greater  or  less  extent,  to  be  re- 
depnsited  farther  out. 

Well,  as  there  is,  in  all  probability,  not  one 
single  spot  on  the  whole  surface  of  the  earth 
which  has  not  been  up  and  down  in  this  way 
a  great  many  times,  it  follows  that  the  thick- 
ness of  the  deposits  formed  at  any  particular 
spot  cannot  be  taken  (even  supposing  we  had 
at  first  obtained  correct  data  as  to  the  rate  at 
which  they  took  place),  as  affording  reliable 
information  as  to  the  period  of  time  occupied 
in  its  deposit.  So  that  you  see  it  is  absolutely 
necessary  from  these  facts,  seeing  that  our 
record  entirely  consists  of  accumulations  of 
mud  superimposed  one  on  the  other  ;  seeing 
in  the  next  place  that  any  particular  spots  on 
which  accumulations  have  occurred  have 


been  constantly  moving  up  and  down,  and 
sometimes  out  of  the  reach  of  a  deposit,  and 
at  other  times  its  own  deposit  broken  up  and 
carried  away,  it  follows  that  our  record  must 
be  in  the  highest  degree  imperfect,  and  we 
have  hardly  a  trace  left  of  thick  deposits,  or 
any  definite  knowledge  of  the  area  that  they 
occupied  in  a  great  many  cases.  And  mark 
this  !  That  supposing  even  that  the  whole 
surface  of  the  earth  had  been  accessible  to 
the  geologist — that  man  had  had  access  to 
every  part  of  the  earth,  and  had  made  sec- 
tions of  tlje  whole,  and  put  them  all  together 
— even  then  his  record  must  of  necessity  be 
imperfect. 

But  to  how  much  has  man  really  access  ? 
If  you  will  look  at  this  map  you  will  see  that 
it  represents  the  propo'rtion  of  the  sea  to  the 
earth  :  this  colored  part  indicates  all  the  dry 
land,  and  this  other  portion  is  the  water. 
You  will  notice  at  once  that  the  water  covers 
three  fifths  of  the  whole  surface  of  the  globe, 
and  has  covered  it  in  the  same  manner  ever 
since  man  has  kept  any  record  of  his  own  ob- 
servations, to  say  nothing  of  the  minute 
period  during  which  he  has  cultivated  geolog- 
ical inquiry.  So  that  three  fifths  of  the  sur- 
face of  the  earth  is  shut  out  from  us  because 
it  is  under  the  sea.  Let  us  look  at  the  other 
two  fifths,  and  see  what  are  the  countries  in 
which  anything  that  may  be  termed  search- 
ing geological  inquiry  has  been  carried  out : 
a  good  deal  of  France,  Germany,  and  Great 
Britain  and  Ireland,  bits  of  Spain,  of  Italy, 
and  of  Russia,  have  been  examined,  but  of 
the  whole  great  mass  of  Africa,  except  parts 
of  the  southern  extremity,  we  know  next  to 
nothing  ;  little  bits  of  India,  but  of  the  greater 
part  of  the  Asiatic  continent  nothing  ;  bits  of 
the  Northern  American  States  and  of  Canada, 
but  of  the  greater  part  of  the  continent  of 
North  America,  and  in  still  larger  propor- 
tion, of  South  America,  nothing  ! 

Under  these  circumstances,  it  follows  that 
even  with  reference  to  that  kind  of  imperfect 
information  which  we  can  possess,  it  is  only 
about  the  ten  thousandth  part  of  the  accessible 
parts  of  the  earth  that  has  been  examined 
properly.  Therefore,  it  is  with  justice  that 
the  most  thoughtful  of  those  who  are  concern- 
ed in  these  inquiries  insist  continually  upon 
the  imperfection  of  the  geological  record  ; 
for,  I  repeat,  it  is  absolutely  necessary,  from 
the  nature  of  things,  that  that  record  should 
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be  of  the  most  fragmentary  and  imperfect 
character.  Unfortunately  this  circumstance 
has  been  constantly  forgotten.  Men  of  sci- 
ence, like  young  colts  in  a  fresh  pasture,are 
apt  to  be  exhilarated  on  being  turned  into  a 
new  field  of  inquiry,  and  to  go  off  at  a  hand- 
gallop,  in  total  disregard  of  hedges  and 
ditches,  losing  sight  of  the  real  limitation  of 
their  inquiries,  and  to  forget  the  extreme  im- 
perfection of  what  is  really  known.  Geolo- 
gists have  imagined  that  they  could  tell  us 
what  was  going  on  at  all  parts  of  the  earth's 
surface  during  a  given  epoch  ;  they  have 
talked  of  this  deposit  being  contemporaneous 
with  that  deposit,  until,  from  our  little  local 
histories  of  the  changes  at  limited  spots  of 
the  earth's  surface,  they  have  constructed  a 
universal  history  of  the  globe  as  full  of 
wonders  and  portents  as  any  other  story  of 
antiquity. 

But  what  does  this  attempt  to  construct  a 
universal  history  of  the  globe  imply?  It 
implies  that  we  shall  not  only  have  a  precise 
knowledge  of  the  events  which  have  occurred 
at  any  particular  point,  but  that  we  shall  be 
V^le  to  say  what  events,  at  any  one  spot, 
|p  k  place  at  the  same  time  with  those  at 
jLher  spots. 

Let  us  see  now  if  that  is  in  the  nature  of 
things  practicable.  Suppose  that  here  I 
make  a  section  of  the  Lake  of  Killarney.  and 
here  the  section  of  another  lake — that  of  Loch 
Lomond  in  Scotland,  for  instance.  The  riv- 
ers that  flow  into  them  are  constantly  carry- 
ing down  deposits  of  mud,  and  beds,  or  strata 
are  being  as  constantly  formed,  one  above 
the  other,  at  the  bottom  of  those  lakes. 
Now,  theie  is  not  a  shadow  of  doubt  that  in 
these  two  lakes  the  upper  beds  are  all  older 
than  the  lower — there  is  no  doubt  about  that ; 
but  what  does  this  tell  us  about  the  age  of 
any  given  bed  in  Loch  Lomond,  as  compared 
with  that  of  any  given  bed  in  the  Lake  of 
Killarney  ?  It  is,  indeed,  obvious  that  if  any 
two  sets  of  deposits  are  separated  and  discon- 
tinuous, there  is  absolutely  no  means  what- 
ever given  you  by  the  nature  of  the  deposit 
of  saying  whether  one  is  much  younger  or 
older  than  the  other  ;  but  you  may  say,  as 
many  have  said  and  think,  that  the  case  is 
very  much  altered  if  the  beds  which  we  are 
comparing  are  continuous.  Suppose  two  beds 
of  mud  hardened  into  rock — A  and  B  are 
•jcen  in  section.  (Fig.  5.) 

Well,  you  say,  it  is  admitted  that  the  low 
ermost  bed  is  always  the  older.  Very  well  ; 
B.  therefore,  is  older  than  A.  No  doubt,  <t» 
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«  whole,  it  is  so  ;  or  if  any  parts  of  the  two 
l>eds  which  are  in  the  same  vertical  line  are 
compared,  it  is  so.  But  suppose  you  take 
what  seems  a  very  natural  step  farther,  and 
n'iy  that  the  part  a  of  the  bed  A  is  younger 
than  the  part  b  of  the  bed  B.  Is  this  sound 
reasoning  ?  If  you  find  any  record  of  changes 
taking  place  at  b,  did  they  occur  before  any 
events  which  took  place  while  a  was  being 
deposited  ?  It  looks  all  very  plain  sailing, 
indeed,  to  say  that  they  did  ;  and  yet  there  is 
no  proof  of  anything  of  the  kind.  As  the 
former  Director  of  this  Institution,  Sir  H. 
De  la  Beche,  long  ago  showed,  this  reasoning 
may  involve  an  entire  fallacy.  It  is  extre  mely 
possible  that  a  may  have  been  deposited  ages 
before  b.  It  is  very  easy  to  understand  how 
that  can  be.  To  return  to  Fig.  4  ;  when  A 
and  B  were  deposited,  they  were  substantially 
contemporaneous  ;  A  being  simply  the  finer 
deposit,  and  B  the  coarser  of  the  same  detri- 
tus or  waste  of  land.  Now  suppose  that  the 
sea-bottom  goes  down  (as  shown  in  Fig.  4), 
so  that  the  first  deposit  is  carried  no  fai  ther 
than  a,  forming  the  bed  A1,  and  the  coarse 
no  farther  than  b,  forming  the  bed  B1,  the  re- 
sult will  be  the  formation  of  two  continuous 
beds,  one  of  fine  sediment  (AA1)  overlapping 
another  of  coarse  sediment  (BB1).  Now  sup- 
pose the  whole  sea- bottom  is  raised  up,  and 
a  section  exposed  about  the  point  A1 ;  no 
doubt,  at  this  spot,  the  upper  bed  is  younger 
than  the  lower.  But  we  should  obviously 
greatly  err  if  we  concluded  that  the  mass  of 
the  upper  bed  at  A  was  younger  than  the 
lower  bed  at  B  ;  for  we  have  just  seen  that 
they  are  contemporaneous  deposits.  Still 
more  should  we  be  in  error  if  we  supposed 
the  upper  bed  at  A  to  be  younger  than  the 
continuation  of  the  lewe-r  bed  at  B1  ;  for  A 
was  deposited  long  before  B1,  In  fine,  if, 
instead  of  comparing  immediately  adjacent 
parts  of  two  beds,  one  of  which  lies  upon 
another,  we  compare  distant  parts,  it  is  quite 
possible  that  the  upper  may  be  any  number 
of  years  older  than  the  under,  and  the  under 
any  number  of  years  younger  than  the 
upper. 

Now  you  must  not  suppose  that  I  put  this 
before  you  for  the  purpose  of  raising  a  par- 
adoxical difficulty  ;  the  fact  is,  that  the  great 
mass  of  deposits  have  taken  place  in  sea- 
bottoms  which  are  gradually  sinking,  and 
have  been  formed  under  the  very  conditions 
I  am  here  supposing. 

Do  not  run  away  with  the  notion  that  this 
subverts  the  principle  I  laid  down  at  first. 
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The  error  lies  in  extending  a  principle  which 
is  perfectly  applicable  lo  deposits  in  the  same 
vertical  line  to  deposits  which  are  not  in  that 
relation  to  one  another. 

It  is  in  consequence  of  circumstances  of 
this  kind,  and  of  others  that  I  might  men 
tiou  to  you,  that  our  conclusions  on  and  in 
terpretations  of  the  record  are  really  and 
strictly  only  valid  so  long  as  we  confine  our- 
selves to  one  vertical  section.  I  do  not  mean 
to  tell  you  that  there  are  no  qualifying  cir- 
cumstances, so  that,  even  in  very  consider- 
able areas,  we  may  safely  speak  of  conform- 
ably superimposed  beds  being  older  or 
younger  than  others  at  many  different  points. 
But  we  can  never  be  quite  sure  in  coming  to 
that  conclusion,  and  especially  we  cannot  be 
sure  if  there  is  any  break  in  their  continuity, 
or  any  very  great  distance  between  the  points 
to  be  compared. 

Well,  now,  so  much  for  the  record  itself — 
so  much  for  its  imperfections — so  much  for 
the  conditions  to  be  observed  in  interpreting 
it,  and  its  chronological  indications,  the  mo- 
ment we  pass  beyond  the  limits  of  a  vertical 
linear  section. 

Now  let  us  pass  from  the  record  to  that 
which  it  contains — from  the  book  itself  to  the 
writing  and  the  figures  on  its  pages.  This 
writing  and  these  figures  consist  of  remains 
of  animals  and  plants  which,  in  the  great  ma- 
jority of  cases,  have  lived  and  died  in  the 
very  spot  in  which  we  now  find  them,  or  at 
least  in  the  immediate  vicinity.  You  must 
all  of  you  be  aware — and  I  referred  to  the 
fact  in  last  Monday's  lecture — that  there  are 
vast  numbers  of  creatures  living  at  the  bot- 
tom of  the  sea.  These  creatures,  like  all 
others,  sooner  or  later  die,  and  their  shells 
and  hard  paits  lie  at  the  bottom  ;  and  then 
the  fine  mud  which  is  being  constantly 
brought  down  by  rivers  and  the  action  of  the 
wear  and  tear  of  the  sea,  covers  them  over 
and  protects  them  from  any  fur; her  change 
or  alteration  ;  and,  of  course,  as  in  process 
of  time  the  mud  becomes  hardened  and 
solidified,  the  shells  of  these  animals  are  pre- 
served and  firmly  imbedded  in  the  limestone 
or  sundstone  which  is  being  thus  formed. 
You  may  see  in  the  galleries  of  the  Museum 
up-stairs  specimens  of  limestones  in  which 
such  fossil  remains  of  existing  animals  are 
imbedded.  There  are  some  specimens  in 
which  turtles'  eggs  have  been  imbedded  in 
calcareous  sand,  and  before  the  sun  had 
hatched  the  young  tut  ties  they  became  cov- 
ered over  with  calcareous  mud,  and  thus 
have  been  preserved  and  fossilized. 

Not  only  does  this  process  of  imbedding 
and  fossilization  occur  with  marine  and  o'.her 
aquatic  animals  and  plants,  but  it  affects 
those  land  animals  and  plants  which  are  d lift- 
ed away  to  sea,  or  become  buried  in  bogs  or 
morasses  ;  and  the  animals  which  have  been 
trodden  down  by  their  fellows  and  crushed 
in  the  mud  at  the  river's  bank,  as  the  herd 
have  come  to  drink.  In  any  of  these  cases 
the  organisms  may  be  crushed  or  be  mutilat- 
ed, before  or  after  putrefaction,  in  such  a 
manner  that  perhaps  only  a  part  will  be  left 
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in  the  form  in  which  it  reaches  us.  It  is,  in- 
deed, a  most  remarkable  fact,  that  it  is  quite 
an  exceptional  case  to  find  a  skeleton  of  any 
one  of  all  the  thousands  of  wild  land  animals 
that  we  know  are  constantly  being  killed,  or 
dying  in  the  course  of  nature :  they  are 
preyed  on  aud  devoured  by  other  animals,  or 
die  in  places  where  their  bodies  are  not  after, 
ward  protected  by  mud.  There  are  other  an- 
imals  existing  in  the  sea,  the  shells  of  which 
form  exceedingly  large  deposits.  You  are 
probably  aware  that  before  the  attempt  was 
made  to  lay  the  Atlantic  telegraphic  cable, 
the  Government  employed  vessels  in  making 
a  series  of  very  careful  observations  ana 
soundings  of  the  bottom  of  the  Atlantic  ;  and 
although,  as  we  must  all  regret,  that  up  to 
the  present  time  that  project  has  not  succeed- 
ed, we  have  the  satisfaction  of  knowing  that 
it  yielded  some  most  remarkable  results  to 
science.  The  Atlantic  Ocean  had  to  be 
sounded  right  across,  to  depths  of  several 
miles  in  some  places,  and  the  nature  of  its 
bottom  was  carefully  ascertained.  Well, 
now,  a  space  of  abuut  1000  miles  wide  from 
east  to  west,  and  I  do  not  exactly  know  how 
many  from  north  to  south,  but  at  any  rate 
600  or  700  miles,  was  carefully  examined, 
and  it  was  found  that  over  the  whole  of  that 
immense  area  an  excessively  fine  chalky  mud 
is  being  deposited  ;  and  this  deposit  "is  en- 
tirely made  up  of  animals  whose  hard  parts 
are  deposited  in  this  part  of  the  ocean,  and 
are  doubtless  gradually  acquiring  solidity  and 
becoming  metamorphosed  into  a  chalky  lime- 
stone. Thus,  you  see,  it  is  quite  possible  in 
this  way  to  preserve  unmistakable  records  of 
animal  and  vegetable  life.  Whenever  the 
sea-bottom,  by  some  of  those  undulations  of 
the  earth's  crust  that  1  have  referred  to,  be- 
comes upheaved,  and  sections  or  borings  are 
made,  or  pits  are  (lug,  then  we  become  able 
to  examine  the  contents  and  constituents  of 
these  ancient  sea-bottoms,  and  find  out  what 
manner  of  animals  lived  at  that  period. 

Now  it  is  a  very  important  consideration 
in  its  bearings  on  the  completeness  of  thfi 
record,  to  inquire  how  far  the  remains  con- 
tained in  these  fossiliferpus  limestones  are 
able  to  convey  anything  like  an  accurate  ol 
complete  account  of  the  animals  which  were 
in  existence  at  the  time  of  its  formation. 
Upon  that  point  we  can  form  a  very  clear 
judgment,  and  one  in  which  there  is  no  pos- 
sible room  for  any  mistake.  There  are  of 
course  a  great  number  of  animals — such  as 
jelly-fishes  and  other  animals — without  any 
hard  parts,  of  which  we  cannot  reasonably 
expect  to  find  any  traces  whatever  :  there  is 
nothing  of  them  to  preserve.  Within  a  very 
short  time,  you  will  have  noticed,  after  they 
are  removed  from  the  water,  they  dry  up  to 
a  mere  nothing  ;  certainly  they  are  not  of  a 
nature  to  leave  any  very  vrsible  traces  of  their 
existence  on  such  bodies  as  chalk  or  mud. 
Then,  again,  look  at  land  animals  ;  it  is,  as  I 
have  sard,  a  very  uncommon  thing  to  find 
a  land  animal  entire  after  death.  Insects 
and  other  carnivorous  animals  very  speedily 
pull  them  to  pieces,  putrefaction  takes  place, 
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and  so,  out  of  the  hundreds  of  thousands  that 
are  known  to  die  every  year,  it  is  the  rarest 
tiling  in  the  world  to  eee  one  imbedded  in 
euch  a  way  that  its  remains  would  be  pre- 
served for  a  lengthened  period.  Not  only  is 
this  the  case,  but  even  when  animal  remains 
have  been  safely  imbedded,  certain  natural 
agents  may  wholly  destroy  and  remove  them. 
Almost  all  the  hard  parts  of  animals — the 
bones  and  soon — are  composed  chiefly  of 
phosphate  of  lime  and  carbonate  of  lime. 
Some  years  ago  I  had  to  make  an  inquiry 
into  the  natuie  of  some  very  curious  fossils 
sent  to  me  from  the  north  of  Scotland.  Fos- 
sils are  usually  bard  bony  structures  that 
have  become  imbedded  in  the  way  I  have  de- 
scribed, and  have  gradually  acquired  the  na- 
ture and  solidity  of  the  body  with  which  they 
are  associated  ;  but  in  this  case  1  had  a  series 
of  Jioles  in  some  pieces  of  rock,  and  nothing 
else.  These  holes,  however,  bad  a  certain 
definite  shape  about  them,  and  when  I  got  a 
skilful  workman  to  make  castings  of  the  in- 
terior of  these  holes,  I  found  that  they  were 
the  impressions  of  the  joints  of  a  backbone 
and  of  the  armor  of  a  great  reptile,  twelve 
or  more  feet  long.  This  great  beast  had  died 
and  got  buried  in  the  sand,  the  sand  had 
gradually  hardened  over  the  bones,  but  re- 
mained porous.  Water  had  trickled  through 
it,  and  that  water  being  probably  charged 
with  a  superfluity  of  carbonic  acid,  had  dis- 
solved all  the  phosphate  and  carbonate  of 
|nie,  and  the  bcnes  themselves  had  thus  de- 
Jyed  and  entirely  disappeared  ;  but  as  the 
/iidstoue  happened  to  have  consolidated  by 
that  time,  the  precise  shape  of  the  bunes  was 
retained.  If  that  sandstone  had  remained 
soft  a  little  longer,  we  should  have  known 
nothing  whatsoever  of  the  existence  of  the 
reptile  whose  bones  it  bad  incased. 

How  ceitain  it  is  that  a  vast  number  of  an- 
imals which  have  existed  at  one  period  on 
this  earth  have  entirely  perished,  and  left  no 
liace  whatever  of  their  forms,  may  be  proved 
to  you  by  other  considerations.  There  are 
large  tracts  of  sandstone  in  various  parts  of 
the  world,  in  which  no  body  has  yet  found 
anything  but  footsteps.  Not  a  bone  of  any 
description,  but  an  enormous  number  of 
traces  of  footsteps.  There  is  no  question 
about  them.  There  is  a  whole  valley  in  Con- 
necticut covered  with  these  footsteps,  and 
not  a  single  fragment  of  the  animals  which 
made  them  have  yet  been  found.  Let  me 
mention  another  case  while  upon  that  matter, 
which  is  even  more  surprising  than  those  to 
which  I  have  yet  referred.  There  is  a  lime- 
stone formation  near  Oxford,  at  a  place  called 
Stonesfield,  which  has  yielded  the  remains 
of  certain  very  interesting  mammalian  ani- 
mals, and  up  to  this  time,  if  I  recollect 
rightly,  there  have  been  found  seven  speci- 
mens of  its  lower  jaws,  and  not  a  bit  of  any- 
thing else,  neither  limb-bones  nor  skull,  or 
any  part  whatever  ;  not  a  fragment  of  the 
whole  system  1  Of  course,  it  would  be  pre- 
posterous to  imagine  that  the  beasts  had  noth- 
ing else  but  a  lower  jaw  !  The  probability 
is,  as  Dr  Buckland  showed,  as  the  result  of 


his  observations  on  dead  dogs  in  the  river 
Thames,  that  the  lower  jaw,  not  being 
secured  by  very  firm  ligaments  to  the  bones 
of  the  head,  and  being  a  weighty  affair, 
would  easily  be  knocked  off,  or  might  drop 
away  from  the  body  as  it  floated  in  Vater  in 
a  state  of  decomposition.  The  jaw  would 
thus  be  deposited  immediately,  wlnl«  the  rest 
of  the  body  would  float  and  drill  away 
altogether,  ultimately  reaching  the  aea,  and 
perhaps  becoming  destroyed.  The  jaw  be- 
comes covered  up  and  preserved  in  the  river 
silt,  and  thus  it  comes  that  we  have  such  a 
curious  circumstance  as  that  of  the  lower 
jaws  in  the  Stonesfield  slates.  So  that,  you 
see,  faulty  as  these  layers  of  stone  int  the 
earth's  crust  are,  defective  as  they  necessarily 
are  as  a  record,  the  account  of  contemporane- 
ous vital  phenomena  presented  by  them  is, 
by  the  necessity  of  the  case,  infinitely  more 
defective  and  fragmentary. 

It  was  necessary  that  I  should  put  all  this 
very  strongly  before  you,  because,  otherwise, 
you  might  have  been  led  to  think  differently 
of  the  completeness  of  our  knowledge  by  the 
next  facts  1  shall  state  to  you. 

The  researches  of  the  last  three  quarters  of 
a  century  have,  in  truth,  revealed  a  wonder- 
ful richness  of  organic  life  in  those  rocks. 
Certainly  not  fewer  than  thirty  or  forty  thou- 
sand different  species  of  fossils  have  been  dis- 
covered. You  have  no  more  ground  for 
doubting  that  these  creatures  really  lived 
and  died  at  or  near  the  places  in  which  we 
find  them  than  you  have  for  like  scepticism 
about  a  shell  on  the  sea-shore.  The  evidence 
is  as  good  in  the  one  case  as  in  the  other. 

Our  next  business  is  to  look  at  the  general 
character  of  these  fossil  remains,  and  it  is  a 
subject  which  will  be  requisite  to  consider 
carefully  ;  and  the  first  point  for  us  is  to  ex- 
amine how  much  the  extinct  Flora  and 
Fauna  as  a  whole— disregarding  altogether 
the  succession  of  their  constituents,  of  which 
I  shall  speak  afterward — differ  from  the  Flora 
and  Fauna  of  the  present  day  ;  now  far  they 
differ  in  what  we  do  know  about  them,  leav- 
ing altogether  out  of  consideration  specula- 
tions based  on  what  we  do  not  know. 

1  strongly  imagine  that  if  it  were  not  for 
the  peculiar  appearance  that  fossilized  ani- 
mals have,  that  any  of  you  might  readily 
walk  through  a  museum  which  contains  fos- 
sil remains  mixed  up  with  those  of  the  pres- 
ent forms  of  life,  and  1  doubt  very  much 
whether  your  uninstnieteu  eyes  would  lead 
you  to  see  any  vast  or  wonder*'""  difference 
between  the  two.  If  you  looked  ciuseiy,  you 
would  notice,  in  the  first  place,  a  great  many 
things  very  like  animals  with  which  you  are 
acquainted  now  :  you  would  see  differences 
of  shape  and  proportion,  but  on  the  whole  a 
close  similarity. 

1  explained  what  I  meant  by  Orders  the 
other  day,  when  I  described  the  animal  king, 
dom  as  being  divided  into  sub  king-lams, 
classes,  and  orders.  If  you  divide  thn  ani- 
mal kingdom  into  orders,  you  will  find  that 
there  are  above  one  hundred  and  twenty. 
The  number  may  vary  on  one  side  or  the 
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other,  but  this  Is  a  fair  estimate.  That  is  the 
sum  total  of  the  orders  of  all  the  animals 
which  we  know  now,  and  which  have  been 
known  in  past  times,  and  left  remains  be- 
hind. 

Now,  how  many  of  those  are  absolutely 
extinct  ?  That  is  to  say,  how  many  of  these 
orders  of  animals  have  lived  at  a  former 
period  of  the  world's  history,  but  have  at 
present  no  representatives  ?  That  is  the 
sense  in  which  I  meant  to  use  the  word  "  ex- 
tinct." I  mean  that  those  animals  did  live 
on  this  earth  at  one  time,  but  have  left  no 
one  of  their  kind  with  us  at  the  present  mo- 
ment. So  that  estimating  the  number  of  ex- 
tinct animals  is  a  sort  of  way  of  comparing 
the  past  creation  as  a  whole  with  the  present 
as  a  whole.  To  make  that  clear,  1  have  writ- 
ten in  red  ink  on  these  diagrams  the  names 
of  all  those  extinct  orders,  and  in  black  ink 
the  names  of  the  rest.  Among  the  mam- 
malia and  birds  there  are  none  extinct  ;  but 
when  we  come  to  the  reptiles  there  is  a  most 
wonderful  thing  :  out  of  the  eight  orders,  or 
thereabouts,  which  you  can  make  among  rep- 
tiles, one  half  are  extinct.  These  diagrams 
of  the  plesiosaurus,  the  ichthyosaurus,  the 
pterodactyle,  give  you  a  notion  of  some  of 
these  extinct  reptiles.  And  here  is  the  cast 
of  the  pterodactyle  and  bones  of  the  ichthyo- 
saurus and  the  plesiosaurus,  just  as  fresh  as 
if  it  had  been  recently  dug  up  in  a  church- 
yard. Thus,  in  the  reptile  class,  there  are  no 
less  than  half  of  the  orders  which  are  abso- 
lutely extinct.  If  we  turn  to  the  Amphibia,, 
there  was  one  extinct  order,  the  labyrintho- 
donts,  typified  by  the  large  salamander-like 
beast  shown  in  this  diagram. 

No  order  of  fishes  is  known  to  be  extinct. 
Every  fish  that  we  find  in  the  strata — to 
which  I  have  been  referring — can  be  identi- 
fied and  placed  in  one  of  the  orders  which 
exist  at  the  present  day.  There  is  not  known 
to  be  a  single  ordinal  form  of  insect  extinct. 
There  are  only  two  ciders  extinct  among  the 
Crustacea.  There  is  not  knuwn  to  be  an  ex- 
tinct order  of  these  creatures,  the  parasitic 
and  other  worms  ;  but  there  are  two,  not  to 
say  three,  absolutely  extinct  orders  of  this 
class,  the  Echinodeimata ;  out  of  all  the 
orders  of  the  Ccelenterata  and  Protozoa,  only 
one,  the  Rugose  Corals. 

So  that,  you  see,  out  of  somewhere  *bout 
120  orders  of  animals,  taking  them  altogether, 
you  will  not,  at  the  outside  estimate,  find 
above  ten  or  a  dozen  extinct.  Summing  up 
all  the  order  of  animals  which  have  left  re- 
mains behind  them,  you  will  not  find  above 
ten  or  a  dozen  which  cannot  be  arranged  with 
those  of  the  present  day  ;  that  is  to  s?y,  that 
the  difference  does  not  amount  to  much  more 
than  ten  per  cent  ;  and  the  proportion  of 
extinct  orders  of  plants  is  still  smaller.  I 
think  that  that  is  a  very  astounding,  a  mcst 
astonishing  fact,  seeing  the  enormous  epochs 
of  time  which  have  elapsed  during  the  con- 
stitution of  the  surface  of  the  earth  as  it  at 
present  exists  ;  it  is,  indeed,  a  most  astound- 
ing thing  that  the  proportion  of  extinct  ordi- 
nal types  should  be  so  exceedingly  small. 


But  now,  thorn  is  another  point  of  view  in 
which  we  must  look  at  this  past  creation. 
Suppose  that  we  were  to  sink  a  vertical  pit 
iliiough  the  floor  beneath  us,  and  that  I  could 
succeed  in  making  a  section  right  through  in 
tiie  direction  of  New  Zealand,  I  should  find 
in  each  of  the  different  beds  through  which 
I  passed  the  remains  of  animals  which  I 
should  find  in  that  stratum  and  not  in  the 
others.  First,  I  should  come  upon  beds  of 
gravel  or  drift  containing  the  bones  of  large 
animals,  such  as  the  elephant,  ihinoceros, 
and  cave  tiger.  Rather  curious  things  to 
fall  across  in  Piccadilly  !  If  I  shoulid  dig 
lower  still,  I  should  come  upon  a  bed  of 
what  we  call  the  London  clay,  and  in  this,  as 
you  will  see  in  our  galleries  up-stairs,  are 
found  remains  of  strange  cattle,  remains  of 
turtles,  palms,  and  large  tropical  fruits  ;  with 
shellfish  such  as  you  see  the  like  ol  now 
only  in  tropical  regions.  If  I  went  below 
that,  I  should  come  upon  the  chalk,  and 
there  I  should  find  something  altogether 
different,  the  remains  of  ichthyosaufi  and 
pterodactyles,  and  ammonites,  and  so  forth. 

I  do  not  know  what  Mr.  Godwin  Austin 
would  say  comes  next,  but  probably  recks 
containing  more  ammonites,  and  more 
icihthyosauri  and  plesiosauri,  with  a  vast 
number  of  other  things  ;  and  under  that  1 
should  meet  with  yet  older  rocks,  containing 
numbers  of  strange  shells  and  fishes  ;  and  in 
thus  passing  from  the  surface  to  the  lowest 
depths  of  the  earth's  crust,  the  forms  of  ani- 
mal life  and  vegetable  life  which  1  should 
meet  with  in  the  successive  beds  would,  look- 
ing at  them  broadly,  fee  the  more  different 
the  farther  that  I  went  down.  Or,  in  other 
words,  inasmuch  as  we  started  with  the  clear 
principle,  that  in  a  series  of  miturally-dis- 
posed  mud  beds  the  lowest  are  the  oldest,  we 
should  come  to  this  result,  that  the  farther 
we  go  back  in  time  the  more  difference  exists 
between  the  animal  and  vegetable  life  of  an 
epoch  and  that  which  now  exists.  That  was 
the  conclusion  to  which  I  wished  to  bring 
you  at  the  end  of  this  lecture. 

LECTURE  III. 

THE  METHOD  BY  WHICH  THE  CAUSES  OP 
THE  PRESENT  AND  PAST  CONDITIONS  OF 
ORGANIC  NATURE  ARE  TO  BE  DISCOVERED. 
— THE  ORIGINATION  OF  LIVING  BEINGS. 

IN  the  two  preceding  lectures  I  have  en- 
deavored to  indicate  to  you  the  extent  of  the 
subject-matter  of  the  inquiry  upon  which  we 
are  engaged  ;  and  now,  having  thus  acquired 
some  conception  of  the  past  and  present  phe- 
nomena of  organic  nature,  I  must  turn,  to- 
night, to  that  which  constitutes  the  "rent 
problem  which  we  have  set  before  ourselves — • 
I  mean,  the  question  of  what  knowledge  we 
have  of  the  causes  of  these  phenomena  of  or- 
ganic natiue,  and  how  such  knowledge  is 
obtainable 

Here,  on  the  threshold  of  inquiry,  an  ob- 
j°ction  meets  us.  There  are  in  the  world  a 
number  of  extremely  worthy,  well-meaning 
persons,  whose  judgments  and  opinions  are 


ORIGIN  OF  SPECIES. 


357 


entitled  to  the  utmost  respect  on  account  of 
their  sincerity,  who  are  of  opinion  that  vital 
phenomena,  and  especially  ail  questions  relat- 
ing to  the  origin  of  vital  phenomena,  are 
questions  quite  apart  from  the  ordinary  run 
of  inquiry,  and  are,  by  their  very  nature, 
placed  out  of  our  reach.  They  say  that  all 
these  phenomena  originated  miraculously,  or 
in  some  way  totally  different  from  the  ordi- 
nary course  of  nature,  and  that  therefore  they 
conceive  it  to  be  futile,  not  to  say  presump- 
tuous, to  attempt  to  inquire  into  them. 

To  such  sincere  and  earnest  persons,  I 
would  only  say,  that  a  question  of  this  kind 
is  not  to  be  shelved  upon  theoretical  or  spec- 
ulative grounds.  You  may  remember  the 
story  of  the  sophist  who  demonstrated  to 
Diogenes  in  the  most  complete  and  satisfac- 
tory manner  that  he  could  not  walk  ;  that,  in 
tact,  all  motion  was  an  impossibility  ;  and 
that  Diogenes  refuted  him  by  simply  getting 
up  and  walking  round  his  tub.  So,  in  the 
same  way,  the  man  of  science  replies  to  ob- 
jections of  this  kind,  by  simply  getting  up 
and  walking  onward,  and  showing  what  sci- 
fi  C'  lias  done  and  is  doing — by  pointing  to 
that  immense  mass  of  facts  which  have  been 
ascertained  and  systematized  under  the  forms 
of  the  great  doctrines  of  morphology,  of  de- 
velopment, of  distribution,  and  the  like.  He 
sees  an  enormous  mass  of  facts  and  laws  re- 
lating to  organic  beings,  which  stand  on  the 
same  good  sound  foundation  as  every  other 
natural  law  ;  and,  therefore,  with  this  mass 
of  facts  and  laws  before  us,  seeing  that,  as 
far  as  organic  matters  have  hitherto  been  ac- 
cessible and  studied,  they  have  shown  them- 
selves capable  of  yielding  to  scientific  inves- 
tigation, we  may  accept  this  as  proof  that 
order  and  law  reign  there  as  well  as  in  the 
rest  of  nature  ;  and  the  man  of  science  says 
nothing  to  objectors  of  this  sort,  but  supposes 
that  we  can  and  shall  walk  to  the  origin  of 
organic  nature,  in  the  same  way  that  we  have 
walked  to  a  knowledge  of  the  laws  and  prin- 
ciples of  the  inorganic  world. 

But  theie  are  objectors  who  say  the  same 
from  ignorance  and  ill-will.  To  such  I  would 
reply  that  the  objection  comes  ill  from  them, 
and  that  the  real  presumption,  I  may  almost 
say  the  real  blasphemy,  in  this  matter,  is  in 
the  attempt  to  limit  that  inquiry  into  the 
causes  of  phenomena  which  is  the  source  of 
all  humsm  blessings,  and  from  which  has 
sprung  all  human  prosperity  and  progress; 
for,  after  all,  we  can  accomplish  compara- 
tively little  ;  the  limited  range  of  our  own 
faculties  bounds  us  on  every  side — the  field 
of  our  powers  of  observation  is  small  enough, 
and  he  who  endeavors  to  narrow  the  sphere 
of  our  inquiries  is  only  pursuing  a  course 
that  is  likely  to  produce  the  greatest  harm  to 
his  fellow -men. 

But  now,  assuming,  as  we  all  do,  I  hope, 
that  these  phenomena  are  properly  accessible 
to  inquiry,  and  setting  cut  upon  our  search 
into  the  causes  of  the  phenomena  of  organic 
nature,  or,  at  any  rate,  setting  out  to  discover 
how  much  we  at  present  know  upon  thesi- 
mattds,  the  question  arises  as  to 


what  is  to  be  our  course  of  proceeding,  and 
what  method  we  must  lay  down  for  our  guid- 
ance. I  reply  to  that  question,  that  our 
method  must  be  exactly  the  same  as  that 
which  is  pursued  in  any  other  scientific  in- 
quiry, the  method  of  scientific  investigation 
being  the  same  for  all  ciders  of  facts  and 
phenomena  whatsoever. 

I  must  dwell  a  little  on  this  point,  for  I 
wish  you  to  leave  this  room  with  a  very  clear 
conviction  that  scientific  investigation  is  not, 
as  many  people  seem  to  suppose,  some  kind 
of  modern  black  art.  I  say  that  you  might 
easily  gather  this  impression  from  the  manner 
in  which  many  persons  speak  of  scientific  in 
quiry,  or  talk  about  inductive  and  deductive 
philosophy, or  the  principles  of  the  "  Baconian 
philosophy."  I  do  protest  that,  of  the  vast 
number  of  cants  in  this  world,  there  are  none, 
to  my  mind,  so  contemptible  as  the  pseudo- 
scientific  cant  which  is  talked  about  the 
"  Baconian  philosophy." 

To  hear  people  talk  about  the  great  chan- 
cellor— and  a  very  great  man  he  certainly  was 
— you  would  think  that  it  was  he  who  had 
invented  science,  and  that  there  was  no  such 
thing  as  sound  reasoning  before  the  time  af 
Queen  Elizabeth  !  Of  course,  you  say,  that 
cannot  possibly  be  true  ;  you  perceive,  on  a 
moment's  reflection,  that  such  an  idea  is  ab- 
surdly wrong  ;  and  yet,  so  firmly  rooted  is 
this  sort  of  impression — I  cannot  call  it  an 
idea  or  conception — the  thing  is  too  absurd 
to  be  entertained — but  so  completely  does  it 
exist  at  the  bottom  of  most  men's  minds,  that 
this  has  been  a  matter  of  observation  with  me 
for  many  years  past.  There  are  many  men 
who,  though  knowing  absolutely  nothing  of 
the  subject  with  which  they  may  be  dealing, 
wish,  nevertheless,  to  damage  the  author  of 
some  view  with  which  they  think  fit  to  dis 
agree.  What  they  do,  then,  is  not  to  go  and 
learn  something  about  the  subject,  which  one 
would  naturally  think  the  best  way  of  fairly 
dealing  with  it ;  but  they  abuse  the  originator 
of  the  view  they  question,  in  a  general  man. 
ner,  and  wind  up  by  saying  that,  "  After  all, 
you  know,  the  principles  and  method  of  this 
author  are  totally  opposed  to  the  canous  of 
the  Baconian  philosophy. "  Then  everybody 
applauds,  as  a  matter  of  course,  and  agrees 
that  it  must  be  so.  But  if  you  were  to  stop 
them  all  in  the  middle  of  their  applause,  you 
would  probably  find  that  neither  the  speaker 
nor  his  applauders  could  tell  you  how  or  io 
what  way  it  was  so,  neither  the  one  nor  the 
other  having  the  slightest  idea  of  what  they 
mean  when  they  speak  of  the  "  Baconian  phi- 
losophy." 

You  will  understand,  I  hope,  that  1  have 
not  the  slightest  desire  to  join  in  the  outcry 
against  either  the  morals,  the  intellect,  or  the 
g°eat  genius  of  Lord  Chancellor  Bacon.  He 
was  undoubtedly  a  very  great  man,  let  people 
say  what  they  will  of  him  ;  but  notwithstand- 
ing all  that  he  did  for  philosophy,  it  would 
be  entirely  wrong  to  suppose  that  the  methods 
of  modern  scientific  inquiry  originated  witb 
him,  or  with  his  aid ;  they  originates 
with  the  first  man.  whoever  be  was.  t»ev 
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ludeed  existed  long  before  him,  for  many 
of  the  essent'al  processes  of  reasoning  are  ex- 
erted by  the  higher  order  of  brutes  as  com- 
pletely and  effectively  as  by  ourselves.  We 
see  in' many  of  the  brute  creation  the  exercise 
of  one,  at  least,  of  the  same  powers  of  reason- 
ing as  that  which  we  oui selves  employ. 

The  method  of  scientific  investigation  is 
nothing  but  the  expression  of  the  necessary 
mode  of  working  of  the  human  mind.  It  is 
simply  the  mode  at  which  all  phenomena  are 
reasoned  about,  rendered  precise  and  exact. 
There  is  no  more  difference,  but  there  is  just 
the  same  kin'l  of  difference,  between  the 
mental  operations  of  a  man  of  science  and 
those  of  an  ordinary  person,  as  there  is  be- 
tween  the  operations  and  methods  of  a  baker 
or  of  a  butcher  weighing  out  his  goods  in 
common  scales,  and  the  operations  of  a  chem- 
ist in  performing  a  difficult  and  complex 
analysis  by  means  of  his  balance  and  finely- 
graduated  weights.  It  is  not  that  the  action 
of  the  scales  in  the  one  case,  and  the  balance 
in  the  other,  differ  in  the  principles  of  their 
construction  or  manner  of  working  ;  but  the 
beam  of  one  is  set  on  an  infinitely  finer  axis 
than  the  other,  and  of  course  tums  by  the 
addition  of  a  much  smaller  weight. 

You  will  understand  this  better,  perhaps, 
if  1  give  you  some  familiar  example.  You 
have  all  heard  it  repeated,  I  dare  say,  that 
men  of  science  work  by  means  of  induction 
and  deduction,  and  that  by  the  help  of  these 
operations,  tkey,  in  a  sort  of  sense,  wring 
from  nature  certain  other  things,  which  are 
called  natural  laws  aud  causes,  and  that  out 
of  these,  by  some  cunniug  skill  of  their  own, 
they  build  up  hypotheses  and  theories.  And 
it  is  imagined  by  many  that  the  operations 
of  the  common  mind  can  be  by  no  means 
eompared  with  these  processes,  and  that 
Jwy  have  to  be  acquired  by  a  sort  of  special 
apprenticeship  to  the  craft.  To  hear  all  these 
large  words  you  would  think  that  the  mind 
of  a  man  of  science  must,  be  constituted  differ- 
ently from  that  of  his  fellow-men  ;  but  if 
you  will  not  be  frightened  by  terms,  you  will 
discover  that  you  are  quite  wrong,  aud  that 
all  these  terrible  apparatus  are  being  used  by 
yourselves  every  day  and  every  hour  of  your 
lives. 

There  is  a  well-known  incident  in  one  of 
Moliere's  plays,  where  the  author  makes  the 
hero  express  unbounded  delight  on  being  told 
that  he  had  been  talking  prose  during  the 
whole  of  b.H  life.  In  the  same  way,  I  trust 
that  you  will  take  comfort,  and  be  delighted 
with  yourselves,  on  the  discovery  that  you 
have  been  acting  on  the  principles  of  induc- 
tive and  deductive  philosophy  during  the 
same  period.  Probably  there  is  not  one  here 
to-night  who  has  not  in  the  course  of  the  day 
.iad  occasion  to  set  in  motion  a  complex  train 
of  reasoning,  of  the  very  same  kind,  though 
differing  of  course  in  degree,  as  that  which 
a  scientific  man  goes  through  in  tracing  the 
causes  of  natural  phenomena. 

A.  very  trivial  circumstance  will  serve  to 
exemplify  this.  Suppose  you  go  into  a 
fruiterer's  shop,  waniing  an  apple  :  yon  take 
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up  one,  and,  on  biting  it,  you  find  it  Is  sour ; 
you  look  at  it,  and  see  that  it  is  hard  and 
green.  You  take  up  another  one,  and  that 
too  is  hard,  green,  and  sour.  The  shopman 
offers  you  a  third  ;  but,  before  biting  it,  you 
examine  it,  and  find  that  it  is  hard  and 
green,  and  you  immediately  say  that  you  will 
not  have  it,  as  it  must  be  sour,  like  those 
that  you  have  already  tried. 

Nothing  can  be  more  simple  than  that, 
you  think  ;  but  if  you  will  take  the  trouble 
to  anatyze  and  trace  out  into  its  logical  ele- 
ments what  has  been  done  by  the  mind,  you 
will  be  greatly  surprised.  In  the  first  place, 
you  have  performed  the  operation  of  induc- 
tion. You  found  that,  in  two  experiences, 
hardness  and  greenness  in  apples  go  together 
with  sourness.  It  was  so  in  the  first  case, 
and  it  was  confiimed  by- the  second.  True, 
it  is  a  very  small  basis,  but  still  it  is  enough 
to  make  an  induction  from  ;  you  generalize 
the  facts,  and  you  expect  to  find  sourness  in 
apples  where  you  get  hardness  and  green- 
ness. You  found  upon  that  a  general  law, 
that  all  hard  and  green  apples  are  sour  ;  and 
that,  so  far  as  it  goes,  is  a  perfect  induction. 
Well,  having  got  your  natural  law  in  this 
way,  when  you  are  offered  another  apple 
which  you  find  is  hard  and  green,  you  say, 
"  All  hard  and  green  apples  are  sour;  this 
apple  is  hard  and  green,  therefore  this  apple 
is  sour."  That  train  of  reasoning  is  what 
logicians  call  a  syllogism,  and  has  all  its  vari- 
ous parts  and  terms— its  major  premiss,  its 
minor  premiss,  and  its  conclusion.  And,  by 
the  help  of  further  reasoning,  which,  if 
drawn  out,  would  have  to  be  exhibited  in 
two  or  three  other  syllogisms,  you  arrive  at 
your  final  determination,  "  I  will  not  have 
that  apple."  So  that,  you  see,  you  have,  in 
the  first  place,  established  a  law  by  induc- 
tion, and  upon  that  you  have  founded  a  de- 
duction, and  reasoned  out  the  special  conclu- 
sion of  the  particular  case.  Wtll,  now,  sup- 
pose, having  got  your  law,  that  at  some  time 
afterward,  you  are  discussing  the  qualities  of 
apples  with  a  friend  :  you  will  say  to  him, 
'•  It  is  a  very  curious  thing — but  I  find  that 
all  hard  and  green  apples  are  sour  !"  Youi 
friend  says  to  you,  "  But  how  do  you  know 
that?"  You  at  once  reply,  "  Oh,  because  I 
have  tried  it  over  and  over  again,  and  have 
always  found  them  to  be  so."  Well,  if  we 
were  talking  science  instead  of  common, 
sense,  we  should  call  that  an  experimental 
verification.  And,  if  still  opposed,  you  go 
further,  and  say,  "  I  havo  heard  from  the 
people  in  Somersetshire  and  Devonshire, 
where  a  large  number  of  apples  are  grown, 
that  they  have  observed  the  same  thing.  It 
is  also  found  to  be  the  case  in  Normandy 
aud  in  North  America.  In  short,  I  find  it 
to  be  the  universal  experience  of  mankind 
wherever  attention  has  been  directed  to  the 
subject."  Whereupon  your  friend,  unless 
he  is  a  very  unreasonable  man,  agrees  with 
you,  and  is  convinced  that  you  are  quite 
right  in  the  conclusion  you  have  drawn.  He 
believes,  although  perhaps  he  does  not  know 
he  believes  it.  that  the  more  extensive  verifi 
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cations  are — that  the  more  frequently  experi- 
ments have  been  made,  and  results  of  the 
same  kind  arrived  at — that  the  more  varied 
the  conditions  under  which  the  same  results 
have  been  attained,  the  more  certain  is  the 
ultimate  conclusion,  and  he  disputes  the 
question  no  further.  He  sees  that  the  ex- 
periment has  been  tried  under  all  sorts  of 
<•  mditions,  as  to  time,  place,  and  people, 
,v»th  the  same  result ;  and  he  says  with  you, 
therefore,  that  the  law  you  have  laid  down 
must  be  a  good  one,  and  he  must  believe  it. 

Jn  science  we  do  the  same  thing  ;  the  phi- 
losopher exercises  precisely  the  same  facul- 
ties, though  in  a  much  more  delicate  man- 
ner. In  scientific  inquiry  it  becomes  a  mat- 
ter of  duty  to  expose  a  supposed  law  to  every 
possible  kind  of  verification,  and  to  take 
care,  moreover,  that  thi«  is  done  intention- 
ally, and  not  left  to  a  mere  accident,  as  in 
the  case  of  the  apples.  And  in  science,  as 
in  commun  life,  our  confidence  in  a  law  is  in 
exact  proportion  to  the  absence  of  vaiiation 
in  the  result  of  our  experimental  verifications. 
For  instance,  if  you  let  go  your  grasp  of  an 
article  you  may  have  in  your  hand,  it  will 
immediately  fall  to  the  ground.  That  is  a 
very  common  verification  of  one  of  the  best 
established  laws  ot  nature— that  of  gravita- 
tion. The  methud  by  which  men  of  science 
establish  the  existence  of  that  law  is  exactly 
the  same  as  that  by  which  we  have  estab- 
lished the  trivial  proposition  about  the  sour- 
ness of  hard  and  green  apples.  But  we  be- 
lieve it  in  such  an  extensive,  thorough,  and 
unhesitating  manner  because  the  universal 
experience  of  mankind  verifies  it,  and  we  can 
verify  it  ourselves  at  any  time  ;  and  that  is 
the  strongest  possible  foundation  on  which 
any  natural  law  can  rest. 

So  much  by  way  of  proof  that  the  method 
of  establishing  laws  in  science  is  exactly  the 
same  as  that  pursued  in  common  life.  Let 
us  now  turn  to  another  matter  (though  really 
it  is  but  another  phase  of  the  same  question), 
and  that  is,  the  method  by  which,  from  the 
relations  of  certain  phenomena,  we  prove 
that  some  stand  in  the  position  of  causes 
toward  the  others. 

1  want  to  put  the  case  clearly  before  you, 
and  I  will  therefore  show  you  what  I  mean 
by  another  familiar  example.  I  will  sup- 
pose that  one  of  you,  oncoming  down  in  the 
morning  to  the  parlor  of  your  house,  finds 
that  a  teapot  and  some  spoons  which  had 
been  left  in  the  room  on  the  previous  evening 
are  gone — the  window  is  open,  and  you  ob- 
serve (he  mark  of  a  dirty  hand  on  the  win- 
dow-frame, and  perhaps,  in  addition  to  that, 
you  notice  the  impress  of  a  hob-nailed  shoe 
on  the  gravel  outside.  All  these  phenomena 
have  struck  your  attention  instantly,  and  be- 
fore two  minutes  have  passed  you  say,  "  Oh, 
somebody  has  broken  open  the  window,  en- 
tered the  room,  and  run  off  with  the  spoons 
and  the  teapot  !"  That  speech  is  out  of 
your  mouth  in  a  moment.  And  you  will 
probably  add,  "  I  know  there  has  ;  lim  quite 
sure  of  it  !"  You  mean  to  say  exactly  what 
)ou  kuow  ;  but  in  reality  what  you  have  said 


Las  been  the  expression  of  what  Is,  in  all  es- 
sential particulars,  a  hypothesis.  You  do 
not  know  it  at  all  ;  it  is  nothing  but  a  hypoth- 
esis rapidly  framed  in  your  own  mind  !  And 
it  is  a  hypothesis  founded  on  a  long  train  of 
inductions  and  deductions. 

What  are  those  inductions  and  deductions, 
and  how  have  you  got  at  this  hypothesis  ? 
You  have  observed,  in  the  first  place,  that 
the  window  is  open  ;  but  by  a  train  of  reason- 
ing involving  many  inductions  and  deduc- 
tions, you  have  probably  arrived  long  before 
at  the  general  law — and  a  very  good  one  it  is 
— that  windows  do  not  open  of  themselves  ; 
and  you  therefore  conclude  that  something 
has  opened  the  window.  A  second  general 
law  that  you  have  arrived  at  in  the  same  way 
is,  that  teapots  and  spoons  do  not  go  out  of 
a  window  spontaneously,  and  you  are  satis- 
fied that,  as  they  are  not  now  where  you  left 
them,  they  have  been  removed.  In  the  third 
place,  you  look  at  the  marks  on  the  window- 
sill,  and  the  shoe-marks  outside,  and  you  say 
that  in  all  previous  experience  the  former 
kind  of  mark  has  never  been  produced  by 
anything  else  but  the  hand  of  a  human  be- 
ing ;  and  the  same  experience  shows  that  no 
other  animal  but  man  at  present  wears  shoes 
with  hob-nails  on  them,  such  as  would  pro- 
duce the  marks  in  the  gravel.  I  do  not 
know,  even  if  we  could  discover  any  of  those 
"  missing  links"  that  are  talked  about,  that 
they  would  help  us  to  any  other  conclusion  1 
At  any  rate,  the  law  which  states  our  present 
experience  is  strong  enough  for  my  present 
purpose.  You  next  reach  the  conclusion, 
that  as  these  kinds  of  marks  have  not  been 
left  by  any  other  animals  than  men,  or  are 
liable  to  be  formed  in  any  other  way  than  by 
a  man's  hand  and  shoe,  the  marks  in  ques- 
tion have  been  formed  by  a  man  in  that  way. 
You  have,  further,  a  general  law,  founded 
on  observation  and  experience — and  that, too, 
is,  1  am  sorry  to  say,  a  very  universal  and 
unimpeachable  one  —  that  some  men  are 
thieves  ;  and  you  assume  at  once  from  all 
these  premisses — and  that  is  what  constitutes 
your  hypothesis — that  the  man  who  made  the 
marks  outside  and  on  the  window-sill,  opened 
the  window,  got  into  the  room,  and  stole 
your  teapot  and  spoons.  You  have  now 
arrived  at  a  vera  causa  ;  you  have  assumed 
a  cause  which  it  is  plain  is  competent  to  pro- 
duce all  the  phenomena  you  have  observed. 
You  can  explain  all  these  phenomena 
have  observed.  You  can  explain  all  these 
only  by  the  hypothesis  of  a  thief.  But 
that  is  a  hypothetical  conclusion,  of  the 
justice  of  which  you  have  no  absolute  proof 
at  all :  it  is  only  rendered  highly  probable  by 
a  series  of  inductive  and  deductive  reason- 
ings. 

1  suppose  your  first  action,  assuming  you 
are  a  man  of  ordinary  common-sense,  and 
that  you  have  established  this  hypothesis  to 
your  own  satisfaction,  will  very  likely  be  to 
go  off  for  the  police,  and  set  them  on  the 
track  of  the  burglar,  with  the  view  to  the 
recovery  of  your  property.  But  just  as  you 
are  starting  with  this  object,  some  person 
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comes  in,  and  on  learning  what  you  are  about, 
says,  "  My  good  friend,  you  are  going  on  a 
great  deal  too  fast.  How  do  you  know  that 
the  man  who  really  made  the  mirks  took  the 
spoons  ?  It  might  have  been  a  monkey  that 
took  them,  and  the  man  may.  have  merely 
looked  in  afterward. "  You  would  probably 
reply,  "  Well,  that  is  all  very  well,  but  you 
see  it  is  contrary  to  all  experience  of  the  way 
teapots  and  spoons  are  abstracted  ;  so  that, 
at  any  rate,  your  hypothesis  is  less  probable 
than  mine."  While  you  are  talking  the 
thing  over  in  this  way,  another  friend  arrives, 
one  of  that  good  kind  of  people  that  I  was 
talking  of  a  little  while  ago.  And  he  might 
say,  "  Oh,  my  dear  sir,  you  are  certainly 
going  on  a  srreat  deal  too  fast.  You  are  most 
presumptuous.  You  admit  that  all  these 
occurrences  took  place  when  you  were  fast 
asleep,  at  a  time  when  you  could  not  possibly 
have  known  anything  about  what  was  tak- 
ing place.  How  do  you  know  that  the  laws 
of  nature  are  not  suspended  during  the  night  ? 
It  may  be  that  there  has  been  some  kind  of 
supernatural  interference  in  this  case."  In 
point  of  fact  he  declares  that  your  hypothe- 
sis is  one  of  which  you  cannot  at  all  demon- 
strate the  truth,  and  that  you  are  by  no  means 
sure  that  the  laws  of  nature  are  the  same 
when  you  are  asleep  as  when  you  are 
awake. 

Well,  now,  you  cannot  at  the  moment  an- 
swer that  kind  of  reasoning.  You  feel  that 
your  worthy  friend  has  you  somewhat  at  a 
disadvantage.  You  will  feel  perfectly  con- 
vinced in  your  own  mind,  however,  that 
you  are  quite  right,  and  you  say  to  him, 
"  My  good  friend,  I  can  only  be  guided  by 
the  natural  probabilities  of  the  case,  and  if 
you  will  be  kind  enough  to  stand  aside  and 
permit  me  to  pass,  I  will  go  and  fetch  the 
police."  Well,  we  will  suppose  that  your 
journey  is  successful,  and  that  by  good  luck 
you  meet  with  a  policeman  ;  that  eventually 
the  burglar  is  found  with  your  property  on  his 
person,  and  the  marks  correspond  to  his  hand 
and  to  his  boots.  Probably  any  jury  would 
consider  those  facts  a  very  good  experimen- 
tal verification  of  your  hypothesis,  touching 
the  cause  of  the  abnormal  phenomena  ob- 
served in  your  parlor,  and  would  act  accord- 
ingly. 

Now,  in  this  supposititious  case  I  have 
taken  phenomena  of  a  very  common  kind,  in 
order  that  you  might  see  what  are  the  differ- 
ent steps  in  an  ordinary  process  of  reason- 
ing, if  you  will  only  take  the  trouble  to  ana- 
lyze it  carefully.  All  the  operations  1  have 
described,  you  will  see,  are  involved  in  the 
mind  of  any  man  of  sense  in  leading  him  to 
a  conclusion  as  to  the  course  he  should  take 
In  order  to  make  good  a  robbery  and  punish 
ihe  offender.  1  say  that  you  are  led,  in  that 
case,  to  your  conclusion  by  exactly  the  same 
train  of  reasoning  as  that  which  a  man  of 
science  pursues  when  he  is  endeavoring  to 
discover  the  origin  and  laws  of  the  most  oc- 
cult phenomena.  The  process  is,  and  always 
must  be,  the  same  ;  and  precisely  the  same 
mode  of  reasoning  was  employed  by  Newton 


and  Laplace  in  their  endeavors  to  discover 
and  define  the  causes  of  the  movements  of 
the  heavenly  bodies,  aa  you,  with  your  own 
common-sense,  would  employ  to  detect  a 
burglar.  The  only  difference  is,  that  the 
nature  of  the  inquiry  being  more  abstruse, 
every  step  has  to  be  most  carefully  watched, 
so  that  there  may  not  be  a  single  crack  or 
flaw  in  your  hypothesis.  A  flaw  or  crack  in 
many  of  the  hypotheses  of  daily  life  may  be 
of  little  or  no  moment  as  affecting  the  gen- 
eral correctness  of  the  conclusions  at  which 
we  may  arrive  ;  but  in  a  scientific  inquiry  a 
fallacy,  great  or  small,  is  always  of  impor- 
tance, and  is  sure  to  be  constantly  productive 
of  mischievous,  if  not  fatal,  results  in  the 
long  run. 

Do  not  allow  yourselves  to  be  misled  by 
the  common  notion  that  a  hypothesis  is  un- 
trustworthy simply  because  it  is  a  hypoth- 
esis. It  is  often  urged,  in  respect  to  some 
scientific  conclusion,  that,  after  all,  it  is  cnly 
a  hypothesis.  But  what  more  have  we  to 
guide  us  in  nine  tenths  of  the  most  impoi  tant 
affairs  of  daily  life  than  hypotheses,  and  often 
very  ill-based  ones?  So  that  in  science, 
where  the  evidence  of  a  hypothesis  is  sub- 
jected to  the  most  rigid  examination,  we  may 
rightly  pursue  the  same  course.  You  may 
have  hypotheses  and  hypotheses.  A  man 
may  P  y,  if  he  likes,  that  the  moon  is  made 
of  green  cheese  :  that  is  a  hypothesis.  But 
another  man,  who  has  devoted  a  great  deal 
of  time  and  attention  to  the  subject,  and 
availed  himself  of  the  most  powerful  tele- 
scopes and  the  results  of  the  observations  of 
others,  declares  that  in  his  opinion  it  is  prob- 
ably composed  of  materials  very  similar  to 
those  of  which  our  own  earth  is  made  up  : 
and  that  is  also  only  a  hypothesis.  But  I 
need  not  tell  you  that  there  is  an  enormous 
difference  in  the  value  of  the  two  hypotheses. 
That  one  which  is  based  on  sound  scientific 
knowledge  is  sure  to  have  a  corresponding 
value  ;  and  that  which  is  a  mere  hasty,  ran- 
dom guess  is  likely  to  have  but  little  value. 
Every  great  step  in  our  progress  in  discover- 
ing causes  has  been  made  in  exactly  the  same 
way  as  that  which  I  have  detailed  to  you.  A 
person  observing  the  occurrence  of  certain 
facts  and  phenomena  asks,  naturally  enough, 
what  process,  what  kind  of  operation  known 
to  occur  in  nature  applied  to  the  particular 
case,  will  unravel  and  explain  the  mystery  ? 
Hence  you  have  the  scientific  hypothesis  ; 
and  its  value  will  be  proportionate  to  the  care 
and  completeness  with  which  its  basis  had 
been  tested  and  verified.  It  is  in  these  mat- 
ters as  in  the  commonest  affairs  of  practical 
life  :  the  guessof  the  fool  will  be  folly,  while 
the  guess  of  the  wise  man  will  contain  wis- 
dom. In  all  cases,  you  see  that  the  value  of 
the  result  depends  on  the  patience  and  faith- 
fulness with  which  the  investigator  applies 
to  his  hypothesis  every  possible  kind  of  veri- 
fication. 

I  dare  say  I  may  have  to  return  to  this 
point  by  and  by  ;  but  having  dealt  thus  far 
with  our  logical  methods,  1  must  now  turu 
to  something  which,  perhaps,  you  may  con- 
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aider  more  interesting,  or,  at  any  rate,  more 
tangible.  But  in  reality  there  are  but  few 
things  that  can  be  more  impoitant  for  you  to 
understand  than  the  mental  pioeesses  and  the 
means  by  which  we  obtain  scientific  conclu- 
sions and  theories.*  Having  granted  that  the 
inquiry  is  a  proper  one,  and  having  deter 
mined  on  the  nature  of  the  methods  we  are  to 
pursue,  and  which  only  can  lead  to  success,  1 
must  uow  turn  to  the  consideration  of  our 
knowledge  of  the  nature  of  the  processes 
which  have  resulted  in  the  present  condition 
of  organic  nature. 

Hc-ie,  let  mo  say  at  once,  lest  some  of  you 
misunderstand  me,  that  1  have  extremely  little 
to  report.  The  question  of  how  the  present 
condition  of  organic  nature  came  about  re- 
solves itself  into  two  questions.  The  first  is, 
How  has  organic  or  living  matter  commenced 
its  existence  ?  And  the  second  is,  How 
has  it  been  perpetuated?  On  the  second 
question  I  shall  have  more  to  say  hereafter. 
But  on  the  first  one,  what  I  now  have  to  say 
will  be  for  the  most  part  of  a  negative  char- 
acter. 

If  you  consider  what  kind  of  evidence  we 
can  have  upon  this  matter,  it  will  resolve  it- 
self iuto  two  kinds.  We  may  have  histori- 
cal evidence  and  we  may  have  experimental 
evidence.  It  is,  for  example,  conceivable, 
that  inasmuch  as  the  hardened  mud  which 
forms  a  considerable  portion  of  the  thickness 
of  the  earth's  crust  contains  faithful  records 
of  the  past  forms  of  life,  and  inasmuch  as 
these  differ  more  and  more  as  we  go  further 
down — it  is  possible  and  conceivable  that  we 
might  come  to  some  particular  bed  or  stratum 
which  should  contain  the  remains  of  those 
cieatures  with  which  organic  life  began 
upon  the  earth.  And  if  we  did  so,  and  if 
such  forms  of  organic  life  were  preservable, 
we  should  have  what  I  would  call  historical 
evidence  of  the  mode  in  which  organic  life 
began  upon  this  planet.  Many  persons  will 
tell  you,  and  indeed  you  will  find  it  stated  in 
many  works  on  geology,  that  this  has  been 
done,  and  that  we  really  possess  such  a  rec- 
ord ;  there  are  some  who  imagine  that  the 
earliest  forms  of  life  of  which  we  have  as 
yet  discovered  any  records  are  in  truth  the 
forms  in  which  animal  life  began  upon  the 
globe.  The  grounds  on  which  they  base 
that  supposition  are  these  :  That  if  you  go 
through  the  enormous  thickness  of  the  earth's 
crust  and  get  down  to  tke  older  rocks,  the 
higher  vertebrate  animals — the  quadrupeds, 
birds,  and  fishes — cease  to  be  found  ;  beneath 
them  you  find  only  the  invertebrate  animals  ; 
and  in  the  deepest  and  lowest  rocks  those  re- 
mains become  scantier  and  scantier.not  in  any 
very  gradual  progression,  however,  until,  at 
length,  in  what  are  supposed  to  be  the  oldest 
rocks,  the  animal  remains  which  are  found 
are  almost  always  confined  to  four  forms — 
Oldhamia,  whose  precise  nature  is  not  known, 
whether  plant  or  animal  ;  Lingula,  a  kind  of 

*  Those  who  wish  to  study  fully  the  doctrines  of 
which  I  have  endeavored  to  give  s<  me  roiii:l>  and 
ready  illustrations,  must  read  Mr.  Jol.n  **tuiiri  Mill's 
"Svs-teiu  ot'Loiric." 


mollusk ;  Trilobiles,  a  crustacean  animal, 
having  the  same  essential  plan  of  construc- 
tion, though  differing  in  many  details  from  a 
lobster  or  crab  ;  and  Uymenocaris,  which  is 
also  a  crustacean.  So  that  you  have  all  the 
Fauna  reduced,  at  this  period,  to  four  forms: 
one  a  kind  of  animal  or  plant  that  we  know 
nothing  about,  and  three  undoubted  animals 
— two  crustaceans  and  one  mollusk. 

I  think,  cons-idciing  the  organization  of 
these  mollusca  and  ciustacea,  and  looking  at 
their  very  complex  nature,  that  it  does  in- 
deed require  a  very  strong  imagination  to  con- 
ceive that  these  were  the  first  created  of  all 
living  things.  And  you  must  take  into  con- 
sideration "the  fact  that  we  have  not  the 
slightest  proof  that  these  which  we  call  the 
oldest  beds  are  really  so  :  I  repeat,  we  have 
not  the  slightest  proof  of  it.  When  you  find 
in  some  places  that  in  an  enormous  thickness 
of  rocks  there  are  but  very  scanty  traces  of 
life,  or  absolutely  none  at  all  ;  and  that  in 
other  parts  of  the  world  rocks  of  the  very 
same  formation  are  crowded  with  the  records 
of  living  forms  ;  I  think  it  is  impossible  to 
place  any  reliance  on  the  supposition,  or  to 
feel  one's  self  justified  in  supposing  that  these 
are  the  forms  in  which  life  first  commenced. 
I  have  not  time  here  to  enter  upon  the  tech- 
nical grounds  upon  which  I  am  led  to  this 
conclusion — that  could  hardly  be  done  prop- 
erly in  half  a  dozen  lectures  on  that  part 
alone  ;  I  must  content  myself  with  saying 
that  I  do  not  at  all  believe  that  these  are  the 
oldest  forms  of  life. 

I  turn  to  the  experimental  side  to  see  what 
evidence  we  have  there.  To  enable  us  to 
say  that  we  know  anything  about  the  experi- 
mental origination  of  organization  and  life, 
the  investigator  ought  to  be  able  to  take  in- 
organic matters,  such  as  carbonic  acid,  am- 
monia, water,  and  salines,  in  any  sort  of  in- 
organic combination,  and  be  able  to  build 
them  up  into  proteine  matter,  and  that  that 
proteine  matter  ought  to  begin  to  live  in  an 
organic  form.  That,  nobody  has  done  as  yet, 
and  I  susoect  it  will  be  a  long  while  before 
anybody  does  do  it.  But  the  thing  is  by  no 
means  so  impossible  as  it  looks  ;  for  the  re- 
searches of  modern  chemistry  have  shown 
us — I  won't  say  the  road  toward  it,  but,  if  I 
may  so  say,  they  have  shown  the  finger-post 
pointing  to  the  road  that  may  lead  to  it. 

It  is  not  many  years  ago — and  you  must 
recollect  that  organic  chemistry  is  a  young 
science,  not  above  a  couple  of  generations 
old — you  must  not  expect  too  much  of  it ;  it 
is  not  many  years  ago  since  it  was  said  to  be 
perfectly  impossible  to  fabricate  any  organic 
compound  ;  that  is  to  say,  any  non-mineral 
compound  which  is  to  be  found  in  an  organ- 
ized being.  It  remained  so  for  a  very  long 
period  ;  but  it  is  now  a  considerable  number 
of  years  since  a  distinguished  f  ureign  chemist 
contrived  to  fabricate  urea,  a  substance  of  a 
very  complex  character  which  forms  one  of 
the  waste  products  of  animal  structures. 
And  of  late  years  a  number  of  other  com- 
pounds, such  as  butyric  acid,  and  others, 
•M.VK  been  added  tJ  tlie  list.  I  need  not  tell 
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you  that  chemfstry  is  an  enormous  dfstance 
from  the  goal  1  indicate  ;  all  I  wish  to  point 
out  to  you  is,  that  it  is  by  no  means  safe  to 
say  that  that  goal  may  not  be  reached  one 
day.  It  may  be  that  it  is  impossible  for  us  to 
produce  the  conditions  requisite  to  thu  origin- 
ation of  life  ;  but  we  must  speak  modestly 
about  the  matter,  and  recollect  that  Science 
has  put  her  foot  upon  the  bottom  round  of 
the  ladder.  Truly  he  would  be  a  bold  man 
who  would  venture  to  predict  where  she  will 
be  fifty  years  hence. 

There  is  another  inquiry  which  bears  in- 
directly upon  this  question,  and  upon  which 
I  must  say  a  few  words.  You  are  all  of  you 
aware  of  the  phenomena  of  what  is  called 
spontaneous  generation.  Our  forefathers, 
down  to  the  seventeenth  century  or  there- 
abouts, all  imagined,  in  perfectly  good  faith, 
that  certain  vegetable  and  animal  forms  gave 
birth,  in  the  process  of  their  decomposition, 
to  insect  life.  Thus,  if  you  put  a  piece  of 
meat  in  the  sun,  and  allowed  it  to  putrefy, 
they  conceived  that  the  grubs  which  soon 
began  to  appear  were  the  result  of  the  action 
of  a  power  of  spontaneous  generation  which 
the  meat  contained.  And  they  could  give  you 
receipts  for  making  various  animal  and  vege- 
table preparations  which  would  produce  par- 
ticular kinds  of  animals.  A  very  distin- 
guished Italian  naturalist,  named  Redi,  took 
up  the  question  at  a  time  when  everybody 
believed  in  it  ;  among  others  our  own  great 
Harvey,  the  discoverer  of  the  circulation  of 
the  blood.  You  will  constantly  find  his 
name  quoted,  however,  as  an  opponent  of 
the  doctrine  of  spontaneous  generation  ;  but 
the  fact  is,  and  you  will  see  it  if  you  will 
take  the  trouble  to  look  into  his  works,  Har- 
vey believed  it  is  as  profoundly  as  any  man 
of  his  time  ;  but  he  happened  to  enunciate 
a  very  curious  proposition — that  every  living 
thing  came  from  an  egg  ;  he  did  not  mean  to 
use  the  word  in  the  sense  in  which  we  now 
employ  it,  he  only  meant  to  say  that  every 
living  thing  originated  in  a  little  rounded 
particle  of  organized  substance ;  and  it  is 
from  this  circumstance,  probably,  that  the 
notion  of  Harvey  having  opposed  the  doctrine 
originated.  Then  came  Redi,  and  he  pro- 
ceeded to  upset  the  doctrine  in  a  very  simple 
manner.  He  merely  covered  the  piece  of 
meat  with  some  very  fine  gauze,  and  then  he 
exposed  it  to  the  same  conditions.  The  re- 
sult of  this  was  that  no  grubs  or  insects  were 
produced  ;  he  proved  that  the  grubs  origi- 
nated from  the  insects  who  came  and  deposit- 
ed their  eggs  in  the  meat,  and  that  they  were 
hatched  by  the  heat  of  the  sun.  By  this 
kind  of  inquiry  he  thoroughly  upset  the  doc- 
trine of  spontaneous  generation,  for  his  time 
at  least. 

Then  came  the  discovery  and  application 
of  the  microscope  to  scientific  inquiries, 
which  showed  to  naturalists  that  besides  the 
organisms  which  they  already  knew  as  living 
beings  and  plants,  there  were  an  immense 
number  of  minute  things  which  could  be  ob- 
tained apparently  almost  at  will  from  decay- 
ing vegetable  and  animal  forms.  Thus,  if 


you  took  some  ordinary  black  pepper  or 
some  hay,  and  steeped  it  in  water,  you  would 
fin:!  in  the  course  of  a  few  days  that  the 
water  had  become  impregnated  with  an  im- 
mense number  of  animalcules  swimmi-ng 
about  in  all  directions.  From  facts  of  this 
kind  naturalists  were  led  to  revive  the  theory 
of  spontaneous  generation.  They  were 
headed  here  by  an  English  naturalist — Need- 
ham — and  afterward  in  France  by  the  learned 
Buff  on.  They  said  I  hat  these  things  were 
absolutely  begotten  in  the  water  of^the  de- 
caying substances  out  of  which  the  infusion 
was  made.  It  did  not  matter  whether  you 
took  animal  or  vegetable  matter,  you  had 
only  to  steep  it  in  water  and  expose  it,  and 
you  would  soon  have  plenty  of  animalcules. 
They  made  a  hypothesis  about  this  which 
was  a  very  fair  one.  They  said,  this  matter 
of  the  animal  world,  or  of  the  higher  plants, 
appears  to  be  dead,  but  in  reality  it  has  a 
sort  of  dim  life  about  it,  which,  if  it  is  placed 
under  fair  conditions,  will  cause  it  to  break 
up  into  the  forms  of  these  little  animalcules, 
and  they  will  go  through  their  lives  in  the 
same  way  us  the  animal  or  plant  of  which 
they  once  formed  a  part. 

The  question  now  became  very  hotly  de- 
bated. Spallanzaui,  an  Italian  naturalist, 
took  up  opposite  views  to  those  of  Needhan 
and  Buffon,  and  by  means  of  certain  experi- 
ments he  showed  that  it  was  quite  possibly 
to  stop  the  process  by  boiling  the  water,  and 
closing  the  vessel  in  which  it  was  contained. 
"  Oh  !"  said  his  opponents  ;  "  but  what  do 
you  know  you  may  be  doing  when  you  heat 
the  air  over  the  water  in  this  way  ?  You 
may  be  destroying  some  property  of  the  air 
requisite  for  tht  spontaneous  generation  of 
the  animalcules. ' 

However,  Spallanzani's  views  were  sup- 
posed to  be  upon  the  right  side,  and  those  of 
the  others  fell  into  discredit ;  although  the 
fact  was  that  Spallanzaui  had  not  made  good 
his  views.  Well,  then,  the  subject  continued 
to  be  revived  from  time  to  time,  and  experi- 
ments were  made  by  several  persons  ;  but 
these  experiments  were  not  altogether  satis- 
factory. It  was  found  that  if  you  put  an  in- 
fusion in  which  animalcules  would  appear  if 
it  were  exposed  to  the  air  into  a  vessel  and 
boiled  it,  and  then  sealed  up  the  mouth  of 
the  vessel,  so  that  no  air,  save  such  as  had 
been  heated  to  212°,  could  reach  its  contents, 
that  then  no  animalcules  would  be  found  ; 
but  if  you  took  the  same  vessel  and  exposed 
the  infusion  to  the  air,  then  you  would  get 
animalcules.  Furthermore,  it  was  found 
that  if  you  connected  the  mouth  of  the  vessel 
with  a  red-hot  tube  in  such  a  way  that  the 
air  would  have  to  pass  through  the  tube  be- 
fore reaching  the  infusion,  that  then  you 
would  get  no  animalcules.  Yet  another 
thing  was  noticed  :  if  you  took  two  flasks 
containing  the  same  kind  of  infusion,  and 
left  one  entirely  exposed  to  the  air,  and  in 
the  mouth  of  the  other  placed  a  hall  of  cot- 
ton-wool, so  that  the  air  would  have  to  filter 
itself  through  it  before  reaching  the  infusion, 
that  then,  .Ithough  you  might  have  plenty 
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of  animalcules  in  tbe  first  flask,  you  would 
certainly  obtain  none  from  the  second. 

These  expei  iments,  you  see,  all  tended  tow- 
ard one  conclusion — that  the  infusoria  were 
developed  from  little  minute  spores  or  eggs 
whicu  were  constantly  floating  in  the  atmos- 
phere, which  lose  their  power  of  germination 
if  subjected  to  heat.  But  one  observer  now 
made  another  experiment,  which  seemed  to 
go  entirely  the  other  way,  and  puzzled  him 
altogether.  He  took  some  of  this  boiled  in- 
fusiou  that  I  have  been  speaking  of,  and  by 
the  u>e  of  a  mercurial  bath — a  kind  of  trough 
used  in  laboratories — he  deftly  inverted  a 
vessel  containing  the  infusion  into  the  mer- 
cury, so  that  the  latter  reached  a  little  be- 
yond the  level  of  the  mouth  of  the  inverted 
vessel.  You  see  that  he  thus  had  a  quantity 
of  the  infusion  shut  off  from  any  possible 
communication  with  the  outer  air  by  being 
inverted  upon  a  bed  of  mercury. 

He  then  prepared  some  pure  oxygen  and 
nitrogen  gases,  and  passed  them  by  means  of 
a  tube  going  from  the  outside  of  the  vessel, 
up  through  the  mercury  into  the  infusion  ; 
so  that  he  thus  had  it  exposed  to  a  perfectly 
pure  atmosphere  of  the  same  constituents  as 
the  external  air.  Of  course,  he  expected  he 
would  get  no  iufusoiiul  animalcules  at  all  in 
that  infusion  ;  but,  to  his  great  dismay  and 
discomfiture,  he  found  he  almost  always  dH 
get  them. 

Furthermore  it  has  been  found  that  experi- 
ments made  in  the  manner  described  above 
answer  well  with  most  infusions  ;  but  that 
if  you  fill  the  vessel  with  boiltd  milk  and 
then  stop  the  neck  with  cotton-wool  you 
will  have  infusoria.  So  that  j-ou  see  there 
were  two  experiments  that  brought  you  to 
one  kind  of  conclusion,  and  three  to 
another  ;  which  was  a  most  unsatisfactory 
state  of  things  to  arrive  at  in  a  scientific  in- 
quiry. 

Some  few  years  after  this,  the  question 
began  to  be  very  hotly  discussed  in  France. 
There  was  M.  Pouchet,  a  professor  at 
Rouen,  a  very  learned  man,  but  certainly  not 
a  very  rigid  experimentalist.  He  published 
a  number  of  experiments  of  his  own,  some  of 
which  were  very  ingenious,  to  show  that  if 
you  went  to  work  in  a  proper  way,  there  was 
a  truth  in  the  doctrine  of  spontaneous  gen- 
eration. Well,  it  was  one  of  the  most  for- 
tunate things  in  the  world  that  M.  Pouchet 
took  up  this  question,  because  it  induced  a 
distinguished  French  chemist,  M.  Pasteur, 
to  take  up  the  question  on  the  other  side  ; 
and  he  has  certainly  worked  it  out  in  the 
most  perfect  manner.  I  am  glad  to  say,  too, 
that  he  has  published  his  researches  in  time  to 
enable  me  to  give  you  an  account  of  them. 
He  verified  all  the  experiments  which  I  have 
just  mentioned  to  you — and  then  finding 
those  extraordinary  anomalies,  as  in  the  case 
of  the  mercury  bath  and  the  milk,  he  set 
himself  to  work  to  discover  their  nature.  In 
the  c:\ce  of  milk  he  found  it  to  be  a  question 
of  temperature.  Milk  in  a  fresh  state  is 
slightly  alkaline  ;  and  it  is  a  very  curious 
circumstance,  but  this  very  slight  degree  of 


alkalinity  seems  to  nave  the  effect  of  preserv- 
ing the  organisms  which  fall  into  it  from 
the  air  from  being  destroyed  at  a  tempera- 
ture of  212°,  which  is  the  boiling  point 
But  if  you  raise  the  temperature  10°  when 
you  boil  it.  the  milk  behaves  like  everything 
else  ;  and  if  the  air  with  which  it  comes  in 
contact,  after  being  boiled  at  this  tempera- 
ture, is  passed  through  a  red-hot  tube,  you 
will  not  get  a  trace  of  organisms. 

He  then  turned  his  attention  to  the  mer- 
cury bath,  and  found  on  examination  that 
the  surface  of  the  mercury  was  almost  always 
covered  with  a  very  fine  dust.  He  found 
that  even  the  mercury  itself  was  positively 
full  of  organic  matters  ;  that  from  being 
constantly  exposed  to  the  air,  it  had  collected 
an  immense  number  of  these  infusorial  organ- 
isms from  the  air.  Well,  under  these  circum- 
stances he  felt  that  the  case  was  quite  clear, 
and  that  the  mercury  was  not  what  it  had 
appeared  to  M.  Schwanu  to  be — a  bar  to  the 
admission  of  these  organisms ;  but  that  in 
realily,  it  acted  as  a  reservoir  from  which  thd 
infusion  was  immediately  supplied  with  the 
large  quantity  tuat  had  so  puzzled  him. 

But  uot  content  with  explaining  the  ex- 
periments of  others,  M.  Pasleurwent  to  work 
to  satisfy  himself  completely.  He  said  to 
himself  :  "  If  my  view  is  right,  and  if,  in 
point  of  fact,  all  these  appearances  of  spon- 
taneous generation  are  altogether  due  to  the 
falling  of  minute  germs  suspended  in  the 
atmosphere,  why,  I  ought  not  only  to  be 
able  to  show  the  germs,  but  1  ought  to  be 
able  to  catch  and  sow  them,  and  produce  the 
resulting  organisms."  He,  accordingly,  con- 
structed a  very  ingenious  apparatus  to  enable 
him  to  accomplish,  this  trapping  of  this 
"germ  dust"  in  the  air.  He  fixed  in  the 
window  of  his  room  a  glass  tube,  in  the 
centre  of  which  he  had  placed  a  ball  of  gun- 
cotton,  which,  as  you  all  know,  is  ordinary 
cotton- wool,  which,  from  having  been 
steeped  in  strong  acid,  is  converted  into  a  sub- 
stance of  great  explosive  power.  It  is  also 
soluble  in  alcohol  and  ether.  One  end  of  the 
glass  tube  was,  of  course,  open  to  the  exter- 
nal air  ;  and  at  the  other  end  of  it  he  placed 
an  aspirator,  a  contrivance  for  causing  a 
current  of  the  external  air  to  pass  through 
the  tube.  He  kept  his  apparatus  going  for 
four-and -twenty  hours,  and  then  removed 
the  dusted  gun-cottcm,  and  dissolved  it  in 
alcohol  and  ether.  He  then  allowed  this  to 
stand  for  a  few  hours,  and  the  result  was, 
that  a  very  fine  dust  was  gradually  deposited 
at  the  bottom  of  it.  That  dust,  on  being 
transferred  to  the  stage  of  a  microscope,  was 
found  to  contain  an  enormous  number  of 
starch  grains.  You  know  that  the  materials 
of  our  food  and  the  greater  portion  of  plants 
are  composed  of  starch,  and  we  are  con- 
stantly making  use  of  it  in  a  variety  of  ways, 
so  that  there  is  always  a  quantity  of  it  sus- 
pended in  the  air.  It  is  these  starch  grains 
which  form  many  of  those  bright  specks 
that  we  see  dancing  in  a  ray  of  light  some- 
times. But  besides  these,  M.  Pasteur  found 
also  an  immense  number  of  other  organic 
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substances,  such  e  spores  of  fungi,  which 
had  bean  floating  about  in  the  air  and  had 
got  caged  in  this  way. 

He  went  farther,  and  said  to  himself,  "  If 
these  really  are  the  things  that  give  rise  to 
the  appearance  of  spontaneous  generation,  I 
ought  to  be  able  to  take  a  ball  of  this  dusted 
gun-cotton  and  put  it  into  one  of  my  vessels, 
containing  that  boiled  infusion  which  has 
been  kept  away  from  the  air,  and  in  which 
no  infusoria  are  at  present  developed,  and 
then,  if  I  am  right,  the  introduction  of  this 
gun-cotton  will  give  rise  to  organisms." 

Accordingly,  he  took  one  of  these  vessels 
of  infusion,  which  had  been  kept  eighteen 
months,  without  the  least  appearance  of  life, 
and  by  a  most  ingenious  contrivance  he 
managed  to  break  it  open  and  introduce  such 
a  ball  of  gun-cotton,  without  allowing  the 
infusion  or  the  cotton  ball  to  come  into  con- 
tact with  a,ny  air  but  that  which  had  been 
subjected  to  a  red  heat,  and  in  twenty-four 
hours  he  had  the  satisfaction  of  finding  all  the 
indications  of  what  had  been  hitherto  called 
spontaneous  generation.  He  had  succeeded 
in  catching  the  germs  and  developing  organ- 
isms in  the  way  be  had  anticipated. 

It  now  struck  him  that  the  truth  of  his 
conclusions  might  be  demonstrated  without 
all  the  apparatus  he  had  employed.  To  do 
this,  he  took  some  decaying  animal  or  vege- 
table substance,  such  as  urine,  which  is  an 
extremely  decomposable  substance,  or  the 
juice  of  yeast,  or  perhaps  some  other  artifi- 
cial preparation,  and  filled  a  vessel  having  a 
long  tubular  neck,  with  it.  He  then  boiled 
the  liqrid  and  bent  that  long  neck  into  an  8 
shape  or  zig-zag,  leaving  it  open  at  the  end. 
The  infusion  then  gave  no  trace  of  any  ap- 
pearance of  spontaneous  generation,  how- 
ever long  it  might  be  left,  as  all  the  germs  in 
the  air  were  deposited  in  the  beginning  of 
the  bent  neck.  He  then  cut  the  tube  close 
to  the  vessel,  and  allowed  the  ordinary  air  to 
have  free  and  direct  access  ;  and  the  result 
of  that  was  the  appearance  of  organisms  in 
it,  as  soon  as  the  infusion  had  been  allowed 
to  stand  long  enough  to  allow  of  the  growth 
of  those  it  received  from  the  air,  which  was 
about  forty-eight  houis.  The  result  of  M. 
Pasteur's  experiments  proved,  therefore,  in 
the  most  conclusive  manner,  that  all  the  ap- 
pearances of  spontaneous  generation  arose 
from  nothing  more  than  the  deposition  of  the 
germs  of  organisms  which  were  constantly 
Boating  in  the  air. 

To  this  conclusion,  however,  the  objection 
was  made,  that  if  that  were  the  cause,  then 
the  air  would  contain  such  an  enormous 
number  of  these  germs,  that  it  would  be  a 
continual  fog.  But  M,  Pasteur  replied  that 
they  are  not  there  in  anything  like  the  num- 
ber we  might  suppose,  and  that  an  exagger- 
ated view  has  been  held  on  that  subject  ;  he 
showed  that  the  chances  of  animal  or  vege- 
table life  appearing  in  infusions  depend  en- 
tirely on  the  conditions  under  which  they  are 
exposed.  If  they  are  exposed  to  1  he  ordi- 
nary atmosphere  around  us,  why,  of  course, 
you  may  have,  organisms  appearing  early. 


But,  on  the  other  hand,  if  they  are  exposed 
to  air  from  a  great  height,  or  from  some  very 
quiet  cellar,  you  will  often  not  find  a  single 
trace  of  life. 

So  that  M.  Pasteur  arrived  at  last  at  the 
clear  and  definite  result,  that  all  these  ap- 
pearances are  like  the  case  of  the  worms  in 
the  piece  of  meat,  which  was  refuted  by 
Redi,  simply  germs  carried  by  the  air  and 
deposited  in  the  liquids  in  which  they  after- 
ward appear.  For  my  own  part,  I  conceive 
that.with  the  particulars  of  M.  Pasteur's  ex- 
permients  before  us,  we  cannot  fail  to  arrive 
at  his  conclusions,  and  that  the  doctrine  of 
spontaneous  generation  has  received  a  final 
coup  de  grace. 

You,  of  course,  understand  that  all  this  in 
no  way  interferes  with  the  possibility  of  the 
fabrication  of  organic  matters  by  the  direct 
method  to  which  I  have  referred,  remote  as 
that  possibility  may  be. 

LECTURE  IV. 

THE  PERPETUATION  OP  LIVING  BEINGS, 
HEREDITARY  TRANSMISSION  AND  VARI- 
ATION. 

THE  inquiry  which  we  undertook,  at  our 
last  meeting,  into  the  state  of  our  knowledge 
of  the  causes  of  the  phenomena  of  organic 
nature — of  the  past  and  of  the  present — re- 
solved itself  into  two  subsidiary  inquiries  : 
the  first  was,  whether  we  know  anything, 
either  historically  or  experimentally,  of  tiie 
mode  of  origin  of  living  beings  ;  the  second 
subsidiary  inquiry  was,  whether,  granting 
the  origin,  we  know  anything  about  the  per- 
petuation and  modifications  of  the  forms  of 
organic  beings.  The  reply  which  I  had  to 
give  to  the  first  question  was  altogether 
negative,  and  the  chief  result  of  my  last  lec- 
ture was,  that  neither  historically  nor  ex- 
perimentally do  we  at  present  know  any- 
thing whatsoever  about  the  origin  of  living 
forms.  We  saw  that  historically  we  are  not 
likely  to  know  anything  about  it,  although 
we  may  perhaps,  learn  something  experi- 
mentally, but  that  at  present  we  are  an  enor- 
mous distance  from  the  goal  I  indicated. 

1  now,  then,  take  up  the  next  question, 
What  do  we  know  of  the  reproduction,  the 
perpetuation,  and  the  modifications  of  the 
forms  of  living  beings,  supposing  that  we 
have  put  the  question  as  to  their  origination 
on  one  side,  and  have  assumed  that  at  present 
the  causes  of  their  origination  are  beyond  us, 
and  that  we  know  nothing  about  them  ? 
Upon  this  question  the  state  of  our  knowl- 
edge is  extremely  different ;  it  is  exceedingly 
large,  and,  it  not  complete,  our  experience 
is  certainly  most  extensive,  it  would  be  im- 
possible to  lay  it  all  before  you,  and  the  most 
I  can  do,  or  need  do  to-night,  is  to  take  up 
the  principal  points  and  put  them  before  you 
with  such  prominence  as  may  subserve  fhe 
purposes  of  our  present  argument. 

The  method  of  the  perpetuation  of  organic 
beings  is  of  two  kinds — the  asexual  <tod  the 
sexual.  In  the  first  the  perpetuation  takes 
place  from  auU  by  a  psuticular  act  of 
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vidual  organism,  which  sometimes  may  not 
be  classed  as  belonging  to  any  sex  at  all.  In 
the  second  case,  it  is  in  consequence  of  the 
mutual  action  and  interaction  of  certain  por- 
tions of  the  organisms  of  usually  two  distinct 
individuals — the  male  and  the  female.  The 
cases  of  asexual  perpetuation  are  by  no 
means  so  common  as  the  cases  of  sexual  per- 
petuation ;  and  they  are  by  no  means  so 
common  in  the  animal  as  in  the  vegetable 
world.  You  are  all  probably  familiar  with 
the  fact,  as  a  matter  of  experience,  that  you 
can  propagate  plants  by  means  of  what  are 
called  "  cuttings;"  for  example,  that  by 
taking  a  cutting  from  a  geranium  plant,  and 
rearing  it  properly,  by  supplying  it  with 
light  and  warmth  and  nourishment  from  the 
earth,  it  grows  up  and  takes  the  form  of  its 
parent,  having  all  the  properties  and  peculi- 
arities of  the  original  plant. 

Sometimes  this  process,  which  the  garden- 
er performs  artificially,  takes  place  natu- 
rally ;  that  is  to  say,  a  little  bulb,  or  portion 
of  the  plant,  detaches  itself,  drops  off,  and 
becomes  capable  of  growing  as  a  separate 
thing.  That  is  the  case  with  many  bulbous 
plants,  which  throw  off  in  this  way  second- 
ary bulbs,  which  are  lodged  in  the  ground 
and  become  developed  into  plants.  This  is 
an  asexual  process,  and  from  it  results  the 
repetition  or  reproduction  of  the  form  of  the 
original  being  from  which  the  bulb  proceeds. 

Among  animals  the  same  thing  takes 
place.  Among  the  lower  forms  of  animal 
life,  the  infusorial  animalculse  we  have  al- 
ready spoken  of  throw  off  certain  portions, 
or  break  themselves  up  in  various  directions, 
sometimes  transversely  or  sometimes  longi- 
tudinally ;  or  they  may  give  off  buds,  which 
detach  themselves  and  develop  into  their 
proper  forms.  There  is  the  common  fresh- 
water polype,  for  instance,  which  multiplies 
itself  in  this  way.  Just  in  the  same  way  as 
the  gardener  is  able  to  multiply  and  repro- 
duce" the  peculiarities  and  characters  of  par- 
ticular plants  by  means  of  cuttings,  so  can 
the  physiological  experimentalist — as  was 
shown  by  the  Abbe  Trembley  manjr  years 
ago — so  can  he  do  the  same  thing  with  many 
of  the  lower  forms  of  animal  life.  M.  de 
Trembley  showed  that  you  could  take  a 
polype  and  cut  it  into  two,  or  four,  or  many 
pieces,  mutilating  it  in  all  directions,  and  the 
pieces  would  still  grow  up  and  reproduce 
completely  the  original  form  of  the  animal. 
These  are  all  cases  of  asexual  multiplication, 
and  there  are  other  instances,  and  still  more 
ext.raordinaiy  ones,  in  which  this  process 
lakes  place  naturally,  in  a  more  hidden,  a 
more  recondite  kind  of  way.  You  are  all  of 
you  familiar  with  those  little  green  insects, 
the  Aphis,  or  blight,  as  it  is  called.  These 
little  animals,  during  a  very  considerable  part 
of  their  existence,  multiply  themselves  by 
means  of  a  kind  of  internal  buddiag,  the 
I. nils  being  developed  into  essentially  asexual 
iinimals,  which  are  neither  male  nor  female  ; 
i  hey  become  converted  into  young  Aphides, 
\hich  repeat  the  process,  and  their  offspring 
.ater  them,  and  soon  again  ;  you  may  go  on 
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for  nine  or  ten,  or  even  twenty  or  more  suc- 
cessions ;  and  there  is  no  very  good  reason  to 
say  how  soon  it  might  terminate,  or  how 
long  it  might  not  go  on  if  the  proper  condi- 
tions of  warmth  and  nourishment  were  kept 

up- 
Sexual  reproduction  is  quite  a  distinct 
matter.  Here,  in  all  these  cases,  what  is  re- 
quired is  the  detachment  of  two  portions  of 
the  parental  organisms,  which  portions  we 
know  as  the  egg  or  the  spermatozoon.  In 
plants  it  is  the  ovule  and  the  pollen-grain,  as 
in  the  flowering  plants,  or  the  ovule  and  the 
antherozooid,  as  in  the  flowerless.  Among 
all  forms  of  animal  life,  the  spermatozoa 
proceed  from  the  male  sex,  and  the  egg  is 
the  product  of  the  female.  Now,  what  is 
remarkable  about  this  mode  of  reproduction 
is  this,  that  the  egg  by  itself,  or  the  sperma- 
tozoa by  themselves,  are  unable  to  assume 
the  parental  form  ;  but  if  they  be  brought 
into  contact  with  one  another,  the  effect  of 
the  mixture  of  organic  substances  proceed- 
ing from  two  sources  appears  to  confer  an 
altogether  new  vigor  to  the  mixed  product. 
This  process  is  brought  about,  as  we  all 
know,  by  the  sexual  intercourse  of  the  two 
sexes,  and  is  called  the  act  of  impregnation. 
The  result  of  this  act  on  the  part  of  the  male 
and  female  is,  that  the  formation  of  a  new 
being  is  set  up  in  the  ovule  or  egg  ;  this 
ovule  or  egg  soon  begins  tj  be  divided  and 
subdivided,  and  to  be  fashioned  into  various 
complex  organisms,  and  eventually  to  de- 
velop into  th«  form  of  one  of  its  parents,  as  I 
explained  in  the  first  lecture.  These  are  the 
processes  by  which  the  perpetuation  of 
organic  beings  is  secured.  Why  there  should 
be  the  two  modes — why  this  reinvigoration 
should  be  required  on  the  part  of  the  female 
element,  we  do  not  know  ;  but  it  is  most 
assuredly  the  fact,  and  it  is  presumable, 
that,  however  long  the  process  of  asexual 
multiplication  could  be  continued — I  say 
there  is  good  reason  to  believe  that  it  would 
come  to  an  end  if  a  new  commencement 
were  not  obtained  by  a  conjunction  of  the 
two  sexual  elements. 

That  character  which  is  common  to  these 
two  distinct  processes  is  this,  that,  whether 
we  consider  the  reproduction,  or  perpetua- 
tion, or  modification  of  organic  beiugs  as 
they  take  place  asexually,  or  as  they  may 
take  place  sexually — in  either  case,  I  say, 
the  offspring,  has  a  constant  tendency  to 
assume,  speaking  generally,  the  character  ot 
the  parent.  As  I  said  just  now,  if  you  take 
a  slip  of  a  plant,  and  tend  it  with  care,  it  will 
eventually  grow  up  and  develop  in^o  a  plant 
like  that  from  which  it  had  sprung  ;  and 
this  tendency  is  so  strong  that,  as  gardeners 
know,  this  mode  of  multiplying  by  means  of 
cuttings  is  the  only  secure  mode  of  propaga- 
ting very  many  varieties  of  plants ;  the 
peculiarity  of  the  primitive  stock  seems  to 
be  better  preserved  if  you  propagate  it  by 
means  of  a  slip  than  if  you  resort  to  the 
sexual  mode. 

Again,  in  experiments  upon  the  lower  ani- 
mals, such  as  the  polype,  to  which  I  have 
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referred,  it  is  most  extraordinary  that,  al- 
though rut  up  into  various  pieces,  each  par- 
ticuhtr  piece  will  grow  up  into  the  form  of 
the  priiuiiive  stock  ;  the  head,  if  separated, 
will  re.MO'luce  the  body  and  the  tail  ;  aud  if 
you  cut  off  the  tail  you  will  find  that  that 
will  reproduce  the  body  and  all  the  rest  of 
the  members,  without  in  any  way  deviating 
from  the  plan  of  the  organism  from  which 
these  portions  have  been  detached.  And  so 
far  does  this  go,  that  some  experimentalists 
have  carefully  examined  the  lower  orders  of 
animals— among  them  the  Abbe  Spallanzani, 
who  made  a  number  of  experiments  upon 
snails  and  salamanders — and  have  found  that 
they  might  mutilate  them  to  an  incredible 
extent  ;  that  you  might  cut  off  the  jaw  or 
the  greater  part  of  the  head,  or  the  leg  or  the 
tail,  and  repeat  the  experiment  several  times, 
perhaps  cutting  off  the  same  member  again 
and  again  ;  and  yet  each  of  those  types 
would  be  reproduced  according  to  the  primi- 
tive type  :  nature  making  no  mistake,  never 
putting  on  a  fresh  kind  of  leg,  or  head,  or 
tail,  but  always  tending  to  repeat  and  to  re- 
turn to  the  primitive  type. 

It  is  the  same  in  sexual  reproduction  :  it  is 
a  matter  of  perfectly  common  experience, 
that  the  tendency  on  the  part  of  the  offspring 
always  is,  speaking  broadly,  to  reproduce 
the  form  of  tho  parents.  The  proverb  has  it 
that  the  thistle  does  not  bring  forth  grapes  ; 
so,  among  ourselves,  there  is  always  a  like- 
DI-SS,  more  or  less  marked  aud  distinct,  be- 
tween children  and  their  parents.  That  is  a 
matter  of  familiar  and  ordinary  observation. 
We  notice  the  same  thing  occurring  in  the 
cases  of  the  domestic  animals — dogs,  for  in- 
stance, and  their  offspring.  In  all  these 
cases  of  propagation  and  perpetuation  there 
seems  to  be  a  tendency  in  the  offspring  to 
take  the  characters  of  the  parental  organisms. 
To  that  tendency -a  special  name  is  given— • 
and  as  I  mny  very  often  use  it  I  will  write 
it  up  here  on  this  blackboard  that  you  may 
lemember  it— it  is  called  Atavism;  it  ex- 
presses this  tendency  to  revert  to  i  he  ances- 
tral type,  and  comes  from  the  Latin  word 
atavutt,  ancestor. 

Well,  this  Atavism  which  I  shall  speak  of, 
is.  as  I  said  before,  one  of  the  most  marked 
and  sinking  tendencies  of  organic  beings; 
but,  side  by  side  with  this  hereditary  tend- 
ency, there  is  an  equally  distinct  and  re- 
markable tendency  to  variation.  The  tend- 
ency to  reproduce  the  original  stock  has,  as 
it  were,  its  limits,  and  side  by  side  with  it 
there  is  a  tendency  to  vary  in  certain  direc- 
tions, as  if  there  were  two  opposing  powers 
working  upon  the  organic  being,  one  tending 
to  take  it  in  a  straight  line,  and  the  other 
tending  to  make  it  diverge  from  that  straight 
line,  first  to  one  side  and  then  to  the  other. 

So  that  you  see  these  two  tendencies  need 
not  precisely  contradict  one  another,  as  the 
animate  result  may  not  always  be  very  re- 
mote from  what  would  have  been  the  case  if 
the  line  had  been  quite  straight. 

.This  tendency  to  variation  is  less  maikul 
in  that  mode  of  propagation  which  ca! •»••• 


place  asexually  ;  it  is  in  that  mode  that  the 
minor  characters  of  animal  and  vegetable 
structures  are  most  completely  preserved. 
Still,  it  will  happen  sometimes,  that  the  gar- 
dener, when  he  lias  planted  a  cutting  of  some 
favorite  plant,  will  find,  contrary  to  his  ex- 
pectation, that  the  slip  grows  up  a  little  dif- 
ferent from  the  primitive  stock — that  it  pro- 
duces flowers  of  a  different  color  or  make, 
or  some  deviation  in  one  way  or  another. 
This  is  what  is  called  the  "  sporting"  o:' 
plants. 

In  animals  the  phenomena  of  asexual  prop 
agation  are  so  obscure  that  at  present  we 
cannot  be  said  to  know  much  about  them  •, 
but  if  we  turn  to  that  mode  of  perpetuatiuu 
which  results  from  the  sexual  process,  then 
we  find  variation  a  perfectly  constant  occur- 
rence, to  a  certain  extent ;  and,  indeed,  I 
think  that  a  certain  amount  of  variation  from 
the  primitive  stock  is  the  necessary  result  of 
the  method  of  sexual  propagation  itself  ;  for, 
inasmuch  as  the  thing  propagated  proceeds 
from  two  organisms  of  different  sexes  and 
different  makes  and  temperaments,  and  as 
tiie  offspring  is  to  be  either  of  one  sex  or  the 
other,  it  is  quite  clear  that  it  cannot  be  an 
exact  diagonal  of  the  two,  or  it  would  be  of 
no  sex  at  all ;  it  cannot  be  an  exact  interme- 
diate form  between  that  of  each  of  its  parents 
— it  must  deviate  to  one  side  or  the  other. 
You  do  not  find  that  the  male  follows  the 
precise  type  of  the  male  parent,  nor  does  the 
female  always  inherit  the  precise  charactei- 
istics  of  the  mother — there  is  always  a  pro- 
portion of  the  female  character  in  the  male 
offspring,  and  of  the  male  character  in  the 
female  offspring.  That  must  be  quite  plain 
to  all  of  you  who  have  looked  at  all  atten- 
tively on  your  own  children  or  those  of  your 
neighbors  ;  you  will  have  noticed  how  very 
often  it  may  "happen  that  the  son  shall  exhibit 
the  maternal  type  of  character,  or  the  daugh- 
ter possess  the  characteristics  of  the  father's 
family.  There  are  all  sorts  of  intermixtures 
and  intermediate  conditions  between  the 
two,  where  complexion,  or  beauty  or  fifty 
other  different  peculiarities  belonging  to 
either  side  of  the  house  are  reproduced  in 
other  members  of  the  same  family.  Indeed, 
it  is  sometimes  to  be  remarked  in  this  kind 
of  variation,  that  the  variety  belongs,  strictly 
speaking,  to  neither  of  the  immediate 
parents  ;  you  will  see  a  child  in  a  family 
who  is  not  like  either  its  father  or  its  mother  ; 
but  some  old  person  who  knew  its  grand- 
father or  grandmother,  or,  it  may  be,  an 
uncle,  or,  perhaps,  even  a  more  distant  rel- 
ative, will  see  a  great  similarity  between  the 
child  and  one  of  these.  In  this  way  it  con- 
stantly happens  that  the  characteristic  of 
some  previous  member  of  the  family  comes 
out  and  is  reproduced  and  recognized  in  the 
most  unexpected  manner. 

But  apart  from  that  matter  of  general  ex- 
perience, there  are  some  cases  which  put  that 
curious  mixture  in  a  very  clear  light.  You 
are  aware  that  the  offspring  of  the  ass  and 
the  horse,  or  rather  of  the  he-ass  and  the 
"lu.i-,  is  what  is  called  a  mule  ;  and,  on  the 
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other  hand,  the  offspring  of  the  stallion  and 
the  she-ass  is  what  is  called  a  ninny.  It 
is  a  very  rare  thing  in  this  country  to  see  a 
hinny.  I  never  saw  one  myself:  but  they 
have  been  very  carefully  studied.  Now,  the 
curious  thing  is  this,  that  although  you  have 
the  same  elements  in  the  experiment  in 
each  case  of  offspring  is  entirely  different 
in  character,  according  as  the  male  in- 
fluence comes  from  the  ass  or  horse.  Where 
the  ass  is  the  male,  as  in  case  of  the  mule, 
you  find  that  the  head  is  like  that  of  the 
ass,  That  the  ears  are  long,  the  tail  is  tufted 
at  the  end,  the  feet  are  small,  and  the  voice 
is  an  unmistakable  bray;  these  are  all  points 
of  similarity  to  the  ass;  but  on  the  other 
hand,  the  barrel  of  the  body  and  the  cut  of 
the  neck  are  much  more  like  those  of  the 
mare.  Then,  if  you  look  at  the  Einny  —  the 
result  of  the  union  of  the  stallion  and  the 
sne-ass,  then  you  find  it  is  the  horse  that 
has  the  predominance;  that  the  head  is  more 
like  that  of  the  horse,  the  ears  are  shorter, 
the  legs  coarser,  and  the  type  is  altogether 
altered;  while  the  voice,  instead  of  being  a 
bray,  is  the  ordinary  neigh  of  the  horse. 
Here,  you  see,  is  a  most  curious  thing:  you 
take  exactly  the  same  elements,  ass  and 
horse,  but  you  combine  the  sexes  in  a  differ- 
ent manner,  and  the  result  is  modified  ac- 
cordingly. You  have  in  this  case,  however, 
a  result  which  is  not  general  and  universal 

—  there  is  usually  an  important  preponder- 
ance, but  not  always  on  the  same  side. 

Here,  then,  is  one  InTelligible,  and,  per- 
haps, necessary  cause  of  variation:  the  fact 
that  there  are  two  sexes  sharing  in  the 
production  of  the  offspring,  and  that  the 
share  taken  by  each  is  different  and  variable, 
not  only  for  each  combination,  but  also  for 
different  members  of  the  same  family. 

Secondly,  there  is  a  variation,  to  a  certain 
extent  —  though  in  all  probability  the  influ- 
ence of  this  cause  has  been  very  much  exag- 
gerated— but  there  is  no  doubt  that  varia- 
tion is  produced  to  a  certain  extent  by  what 
are  commonly  known  as  external  conditions 

—  such  as  temperature,  food,  warmth,  and 
moisture.    In  the  long  run,  every  variation 
depends,  in  some  sense,  upon  external  con- 
ditions, seeing  that  everything  has  a  cause 
of  its  own.    I  use  the  term  "  external  con- 
ditions "  now  in  the  sense  in  which  it  is 
ordinarily  employed:  certain  it  is,  that  ex- 
ternal conditions  have  a  definite  effect.  You 
may  take  a  plant  which  has  single  flowers, 
and  by  dealing  with  the  soil,  and  nourish- 
ment, and  so  on,  you  may  by  and  by  convert 
single  flowers  into  double  flowers,  and  make 
thorns  shoot  out  into  branches.    You  may 
thicken  or  make  various  modifications  in  the 
shape  of  the  fruit.   In  animals,  too,  you  may 
produce  analogous  changes  in  this  way,  as 
in  the  case  of  that  deep  bronze  color  which 
persons  rarely  lose  after  having  passed  any 
length  of  time  in  tropical  countries.  You  may 
also  alter  the  development  of  the  muscles 
very    much,    by    dint    of  training;    all    the 
world  knows  that  exercise  has  a  great  effect 
in  this  way;  we  always  expect^find  the 
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arm  of  a  blacksmith  hard  and  wiry,  and  pos- 
sessing a  large  development  of  the  brachial 
muscles.  No  doubt,  training,  which  is  one  of 
the  forms  of  external  conditions,  converts 
what  are  originally  only  instructions,  teach- 
ings, into  habits,  or  in  other  words,  into  or- 
ganizations, to  a  great  extent;  but  this 
second  cause  of  a  variation  cannot  be  con- 
sidered to  be  by  any  means  a  large  one.  The 
third  cause  that  I  have  to  mention,  however, 
is  a  very  extensive  one.  It  is  one  that,  for 
want  of  a  better  name,  has  been  called  "spon- 
taneous variations;"  which  means  that  when 
we  do  not  know  anything  about  the  cause  of 
phenomena,  we  call  it  spontaneous.  In  the 
orderly  chain  of  causes  and  effect  in  this 
world,  there  are  very  few  things  of  which  it 
can  be  said  with  truth  that  they  are  sponta- 
neous. Certainly  not  in  these  physical  mat- 
ters— in  these  there  is  nothing  of  the  kind — 
everything  depends  on  previous  conditions. 
But  when  we  cannot  trace  the  cause  of 
phenomena,  we  call  them  spontaneous. 

Of  these  variations,  multitudinous  as  they 
are,  but  little  is  known  with  perfect  accu- 
racy. I  will  mention  to  you  some  two  or 
three  cases,  because  they  are  very  remark- 
able in  thmeselves,  and  also  because  I  shall 
want  to  use  them  afterward.  Rfiaumar,  a 
famous  French  naturalist,  a  great  many  years 
ago,  in  the  essay  which  he  wrote  upon  the  art 
of  hatching  chickens  —  which  was  indeed  a 
very  curious  essay  —  had  occasion  to  speak 
of  variations  and  monstrosities.  One  very 
remarkable  case  had  come  under  his  notice 
of  variation  in  the  form  of  a  human  member, 
in  the  person  of  a  Mallese,  of  the  name  of 
Gratio  Kelleia,  who  was  born  with  six  fin- 
gers upon  each  hand,  and  the  like  number  of 
toes  to  each  of  his  feet.  That  was  a  case  of 
spontaneous  variation.  Nobody  knows  why 
he  was  born  with  that  number  of  fingers 
and  toes,  and  as  we  don't  know,  we  call  it  a 
case  of  "  spontaneous  "  variation.  There  is 
another  remarkable  case  also.  I  select  these, 
because  they  happen  to  have  been  observed 
and  noted  very  carefully  at  the  time.  It 
frequently  happens  that  a  variation  occurs, 
but  the  persons  who  notice  it  do  not  take 
any  care  in  noting  down  the  particulars  un- 
til at  length,  when  inquiries  come  to  be 
made,  the  exact  circumstances  are  forgotten; 
and  hence,  multitudinous  as  may  be  such 
"  spontaneous  "  variations,  it  is  exceed- 
ingly difficult  to  get  at  the  origin  of  them. 

The  second  case  is  one  of  which  you  may 
find  the  whole  details  in  the  "  Philosophical 
Transactions  "  for  the  year  1813,  in  a  paper 
communicated  by  Colonel  Humphrey  to  the 
President  of  the  Royal  Society  —  "  On  a  new 
Variety  in  the  Breed  of  Sheep,"  giving  an 
account  of  a  very  remarkable  breed  of  sheep, 
which  at  one  time  was  well  known  in  the 
northern  States  of  America,  and  which  went 
by  the  name  of  the  Ancon  or  the  Otter  breed 
of  sheep.  In  the  year  1791  there  was  a 
farmer  of  the  name  of  Seth  Wright,  In  Mas- 
sachusetts, who  had  a  flock  of  sheep,  con- 
sisting of  a  ram  and,  I  think,  of  some  twelve 
or  thirteen  ewes.  Of  this  flock  of  ewes,  one 
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ut  the  breeding-time  bore  a  lamb  which  was 
very  singularly  formed  ;  it  had  a  very  long 
body,  very  short  legs,  and  those  legs  were 
bowed  1  I  will  tell  you  by  and  by  how  this 
singular  variation  in  the  breed  of  sheep  came 
to  be  noted,  and  to  have  the  prominence  that 
it  now  has.  For  the  present,  I  mention  only 
these  two  cases  ;  but  the  extent  of  variation 
in  the  breed  of  animals  is  perfectly  obvious 
to  any  one  who  has  studied  natural  history 
with  ordinary  attention,  or  to  any  person 
who  compares  animals  with  others  of  the 
same  kind.  It  is  strictly  true  that  there  are 
never  any  two  specimens  which  are  exactly- 
alike  ;  however  similar,  they  will  always  dif- 
fer in  some  certain  particular. 

Now  let  us  go  back  to  Atavism — to  the 
hereditary  tendency  I  spoke  of.  What  will 
come  of  a  variation  when  you  breed  from  it, 
when  Atavism  comes,  if  I  may  say  so,  to  in- 
tersect variation  ?  The  two  cases  of  which  I 
have  mentioned  the  history  give  a  most  ex- 
cellent illustration  of  what  occurs.  G ratio 
Kelleia,  the  Maltese,  married  when  he  was 
twenty-two  years  of  age,  and,  as  I  suppose 
there  were  no  six-fingered  ladies  in  Malta,  he 
married  an  ordinary  five-fingered  person. 
The  result  of  that  marriage  was  four  chil- 
dren ;  the  first,  who  was  christened  Salvator, 
had  six  fingers  and  six  toes,  like  his  father  ; 
the  second  was  George,  who  had  five  fingers 
and  toes,  but  one  of  them  was  deformed, 
showing  a  tendency  to  variation  ;  the  third 
was  Andre  ;  he  had  five  fingers  and  five  toes, 
quite  perfect ;  the  fourth  was  a  girl,  Marie  ; 
she  had  five  fingers  and  five  toes,  but  her 
thumbs  were  deformed,  showing  a  tendency 
toward  the  sixth. 

These  children  grew  up,  and  when  they 
came  to  adult  years  they  all  married,  and  of 
course  it  happened  that  they  all  married  five- 
fingered  and  five-toed  persons.  Now  let  us 
see  what  were  the  results.  Salvator  had  four 
children  ;  they  were  two  boys,  a  girl,  and 
another  boy  :  the  first  two  boys  and  the  girl 
were  six-fingered  and  six-toed  like  their 
grandfather  ;  the  fourth  boy  had  only  five 
fingers  and  five  toes.  George  had  only  four 
children  :  there  were  two  girls  with  six  fin- 

fers  and  six  toes  ;  there  was  one  girl  with  six 
ngers  and  five  toes  on  the  right  side,  and 
five  fingers  and  five  toes  on  the  left  side,  so 
that  she  was  half  and  half.  The  lat  t,  a  boy, 
had  five  fingers  and  five  toes.  The  third, 
Andre,  you  will  recollect,  was  perfectly  well- 
formed,  and  he  had  many  children,  whose 
hands  and  feet  were  all  regularly  developed. 
Marie,  the  last,  who,  of  course,  married  a  man 
who  had  only  five  fingers,  had  four  children  : 
the  first,  a  boy,  was  born  with  six  toes,  but 
the  other  three  were  normal. 

Now  observe  what  very  extraordinary 
phenomena  are  presented  here.  You  have 
an  accidental  variation  arising  from  what 
you  may  call  a  monstrosity  ;  you  have  that 
monstrosity  tendency  or  variation  diluted  in 
the  first  instance  by  an  admixture  with  a 
female  of  normal  construction,  and  you 
would  naturally  expect  that,  in  the  results  of 
such  au  union,  the  monstrosity,  if  repeated. 
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would  be  in  equal  proportion  with  the  normal 
type  ;  that  is  to  say,  that  the  children  would 
be  half  and  half,  some  taking  the  peculiarity 
of  the  father,  and  the  others  being  of  the 
purely  normal  type  of  the  mother  ;  but  you 
see  we  have  a  great  preponderance  of  the 
abnormal  type.  Well,  this  comes  to  be  mixed 
once  more  with  the  pure,  the  normal  type, 
and  the  abnormal  is  again  produced  in  large 
proportion,  notwithstanding  the  second  dilu- 
tion. Now  what  would  have  happened  if 
these  abnormal  types  had  intermarried  with 
each  other  ;  that  is  to  say,  suppose  the  two 
boys  of  Salvator  had  taken  it  into  their  heads 
to  marry  their  first  cousins,  the  two  first  girls 
of  George,  their  unc  e  ?  You  will  remember 
that  these  are  all  of  the  abnormal  ty  pe  cf 
their  grandfather.  The  result  would  prob- 
ably have  been,  that  their  offspring  would 
have  been  in  every  case  a  fuither  develop- 
ment of  that  abnormal  type.  You  see  it  is 
only  in  the  fourth,  in  the  person  of  Marie,  that 
the  tendency,  when  it  appears  but  slightly  in 
the  second  generation,  is  washed  out  in  the 
third,  while  the  progeny  of  Andre,  who  es- 
caped in  the  first  instance,  escape  altogether. 

We  have  in  this  case  a  good  example  of 
nature's  tendency  to  the  perpetuation  of  a 
variation.  Here  it  is  certainly  a  variation 
which  carried  with  it  no  use  or  benefit ; 
and  yet  you  see  the  tendency  to  perpetuation 
may  be  so  strong  that,  notwithstanding  a 
great  admixture  of  pure  blood,  the  variety 
continues  itself  up  to  the  third  generation, 
which  is  largely  marked  with  it.  In  this 
case,  as  I  have  said,  there  was  no  means  of 
the  second  generation  intermarrying  with 
any  but  five-fingered  persons,  and  the  ques 
lion  naturally  suggests  itself,  What  would 
have  been  the  result  of  such  marriage  ?  Re- 
aumur narrates  this  case  only  as  far  as  the 
third  generation.  Certainly  it  would  have 
been  an  exceedingly  curious  thing  if  we 
could  have  traced  this  matter  any  farther  ; 
had  the  cousins  intermarried,  a  six-fingered 
variety  of  the  human  race  might  have  been 
set  up. 

To  show  you  that  this  supposition  is  by  no 
means  an  unreasonable  one,  let  me  mow  point 
out  what  took  place  in  the  case  of  Seth 
Wright's  sheep,  where  it  happened  to  be  a 
matter  of  moment  to  him  to  obtain  a  breed 
or  raise  a  flock  of  sheep  like  that  accidental 
variety  that  I  have  described— and  I  will  tell 
you  why.  In  that  part  of  Massachusetts 
where  Seth  Wright  was  living  the  fields 
were  separated  by  fences,  and  the  sheep, 
which  were  very  active  and  robust,  would 
roam  abroad,  and  without  much  difficulty 
jump  over  these  fences  into  other  people's 
farms.  As  a  matter  of  course  this  exuber- 
ant activity  on  tne  part  of  the  sheep  con- 
stantly gave  rise  to  all  sorts  of  quarrels,  bick- 
erings, and  contentions  among  the  farmers  of 
the  neighborhood  ;  so  it  occurred  to  Seth 
Wright,  who  was,  like  his  successors,  more 
or  less  'cute,  that  if  he  could  get  a  stock  of 
sheep  like  those  with  the  bandy  legs,  they 
would  not  be  alileto  jump  over  the  fences  so 
readily,  and  ho  ucted  upou  that  idea.  He 


ORIGIN,  OF  SPECIES. 


369 


killed  his  old  ram,  and  as  soon  as  the  young 
one  arrived  at  maturity  he  bred  altogether 
from  it.  The  result  was  even  more  striking 
than  in  the  human  experiment  which  I  men- 
tioned just  now.  Colonel  Humphreys  testi- 
fies that  it  always  happened  that  the  off- 
spring were  either  pure  Ancons  or  puie  ordi- 
nary sheep  .  that  in  no  case  \vas  there  any 
mixing  of  the  Ancons  with  the  others.  In 
consequence  of  this,  in  the  course  of  a  very 
few  years,  the  farmer  was  able  to  get  a  very 
considerable  flock  of  this  variety,  and  a  large 
number  of  them  were  spread  throughout 
i  Massachusetts.  Most  unfortunately,  how- 
•  ever — I  suppose  it  was  because  they  were  so 
common — nobody  took  enough  notice  of 
them  to  preserve  their  skeletons  ;  and  al- 
though Colonel  Humphreys  states  that  he 
sent  a  skeleton  to  the  president  of  the  Royal 
Society  at  the  game  time  that  he  forwarded 
his  paper,  and  1  am  afraid  that  the  variety 
has  entirely  disappeared  ;  for  a  short  time 
after  these  sheep  had  become  prevalent  in 
that  distiict  the  Merino  sheep  were  mtro- 
duced  ;  and  as  their  wool  was  much  more 
valuable,  and  as  they  were  a  quiet  race  of 
sheep,  and  showed  no  tendency  to  trespass 
or  jump  over  fences,  the  Otter  breed  of 
sheep,  the  wool  of  which  was  inferior  to  that 
of  the  Merino,  was  gradually  allowed  to  die 
out. 

You  see  that  these  facts  illustrate  perfectly 
well  what  may  be  done  if  you  take  care  to 
breed  from  stocks  that  are  similar  to  each 
other.  After  having  got  a  variation,  if,  by 
crossing  a  variatiou  with  the  original  stock, 
you  multiply  that  variation,  and  then  lake 
care  to  keep  that  variation  distinct  from  the 
original  stock,  and  make  them  breed  to- 
gether— then  you  may  almost  certainly  pro- 
duce a  race  whose  tendency  to  continue  the 
variation  is  exceedingly  strong. 

This  is  what  is  called  "  selection  ;"  and 
it  is  by  exactly  the  same  process  as  that  by 
which  Selh  Wright  bred  his  Ancon  sheep 
that  our  breeds  of  cattle,  dogs,  and  fowls 
are  obtained.  There  are  some  possibilities 
of  exception,  but  still,  speaking  broadly,  1 
may  say  that  this  is  the  way  in  which  all 
our  varied  races  of  domestic  animals  have 
arisen  ;  and  you  must  understand  that  it  is 
not  one  peculiarity  or  one  characteristic  alone 
in  which  animals  may  vary.  There  is  not  a 
single  peculiarity  or  characteristic  of  any 
kind,  bodily  or  mental,  in  which  offspring 
may  not  vary  to  a  cer  tain  extent  from  the 
parent  and  other  animals. 

Among  ourselves  this  is  well  known.  The 
simplest  physical  peculiarity  is  mostly  repro- 
duced. I  know  a  case  of  a  man  whose  wife 
has  the  lobe  of  one  of  her  ears  a  little  flatten- 
ed. An  ordinary  observer  might  scarcely  no- 
tice it,  and  yet  every  one  of  her  children  has 
an  approximation  to  the  same  peculiarity  to 
some  extent. 

If  you  look  at  the  other  extreme,  too,  the 
gravest  diseases,  such  as  gout,  scrofula,  and 
consumption,  may  be  handed  down  with  just 
the  same  certainty  and  persistence  as  we 
•J  m  the  perpetuntion  of  ihe  band)'  legs 
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of  the  Ancon  sheep. 

However,  these  facts  are  best  illustrated 
in  animals,  and  the  extent  of  the  variation, 
as  is  well  known,  is  very  remarkable  in  dogs. 
For  example,  there  are  some  dogs  very  much 
smaller  than  others  ;  indeed,  the  variation  is 
so  enormous  that  probably  the  smallest  dog 
would  be  about  the  size  of  the  head  of  the 
largest ;  there  are  very  great  variations  in  the 
structural  forms  not  only  of  the  skeleton  but 
also  in  the  shape  of  the  skull,  and  in  the  pro- 
portions of  the  face  and  the  disposition  of  the 
teeth. 

The  pointer,  the  retriever,  bulldog,  and  the 
terrier,  differ  very  greatly,  and  jret  there  is 
every  reason  to  believe  that  every  one  of 
these  races  has  arisen  from  the  same  source 
— that  all  the  most  important  races  have 
arisen  by  this  selective  breeding  from  acci- 
dental variation. 

A  still  more  striking  case  of  what  may  be 
done  by  selective  breeding,  and  it  is  a  better 
case,  because  there  is  no  chance  of  that  par- 
tial infusion  of  error  to  which  I  allude,  has 
been  studied  very  carefully  by  Mr.  Darwin 
— the  case  of  the  domestic  pigeons.  I  dare 
say  there  may  be  some  among  you  who  may 
be  pigeon  fanciers,  and  I  wish  you  to  under- 
stand that  in  approaching  the  subject  I 
would  s^cak  with  all  humility  and  hesitation, 
as  1  regret  to  say  that  I  am  not  a  pigeon 
fancier  I  know  it  is  a  great  art  and  mys- 
tery, and  a  thing  upon  which  a  man  must 
not  speak  lightly  ;  but  I  shall  endeavor,  as 
far  as  my  understanding  goes,  to  give  you  a 
summary  of  the  published  and  unpublished 
information  which  1  have  gained  from.  Mr 
Darwin. 

Among  the  enormous  variety — I  believe 
there  are  somewhere  about  a  hundred  and 
fifty  kinds  of  pigeons — there  are  four  kinds 
which  may  be  selected  as  representing  the  ex- 
tremest  divergences  of  one  kind  from  another. 
Their  names  are  the  carrier,  the  pouter,  the 
fantail,  and  the  tumbler.  In  these  large  dia- 
grams that  I  have  here  they  are  each  repre- 
sented in  their  relative  sizes  to  each  other. 
This  first  one  is  the  carrier ;  you  will  notice 
this  large  excrescence  on  its  beak  ;  it  has  a 
comparatively  small  head ;  there  is  a  bare 
space  round  the  eyes  ;  it  has  a  long  neck,  a 
very  long  beak,  very  strong  legs,  large  feet, 
long  Brings,  and  so  on.  The  second  one  is 
the  j«outer,  a  very  large  bird,  with  very  long 
legs  and  beak.  It  j~  called  the  pouter  be- 
cause it  is  in  the  habit  of  causing  its  gullet  to 
swell  up  by  inflating  it  with  air.  1  should 
teU  you  that  all  pigeons  have  a  tendency  to 
do  this  at  times,  but  in  the  pouter  it  is  carried 
1/>  an  enormous  extent.  The  birds  appear  to 
be  quite  proud  of  their  power  of  swelling 
&nd  puffing  themselves  out  in  this  way  ;  and 
]  think  it  is  about  as  droll  a  sight  as  you 
cnn  well  see  to  look  at  a  cage  full  of  these 
pigeons  puffing  and  blowing  themselves  out 
ii  this  ridiculous  manner. 

This  diagram  is  a  representation  of  the 
tMrd  kind  I  mentioned — the  fantail.  It  is, 

>u  see,  a  small  bird,  with  exceedingly  small 
and  ft  very  small  beak.  It  to  most  cori> 
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busly  distinguished  by  the  size  and  ex- 
tent of  its  tail,  which,  instead  of  containing 
fourteen  feathers,  may  have  many  more — say 
thirty,  or  even  more — 1  believe  there  are 
some  with  as  many  as  forty-two.  This  bird 
has  a  curious  habit  of  spreading  out  the 
feathers  of  its  tail  in  such  a  way  that  they 
reach  forward  and  touch  its  head  ;  and  if 
this  can  be  accomplished  1  believe  it  is  looked 
upon  as  a  point  of  great  beauty. 

But  here  is  the  last  great  variety — the  tum- 
bler ;  and  of  that  great  variety,  one  of  the 
principal  kinds,  and  one  most  prized,  is  the 
specimen  represented  here — the  short-faced 
tumbler.  Its  beak,  you  see,  is  reduced  to  a 
mere  nothing.  Just  compare  the  beak  of  this 
one  and  that  of  the  first  one,  the  carrier — 
1  believe  the  orthodox  comparison  of  the 
head  and  beak  of  a  thoroughly  well-bred  tum- 
bler is  to  stick  an  oat  into  a  cherry,  and  that 
will  give  you  the  proper  relative  proportions 
of  the  head  and  beak.  The  feet  and  legs  are 
exceedingly  small,  and  the  bird  appears  to 
be  quite  a  dwarf  when  placed  side  by  side 
with  this  great  carrier. 

These  are  differences  enough  in  regard  to 
their  external  apperauce  ;  but  these  differ- 
ences are  by  no  means  the  whole  or  even  the 
most  important  of  the  differences  which  ob- 
tain between  these  birds.  There  is  hardly  a 
single  point  of  their  structure  which  has  not 
become  more  or  less  altered  ;  and  to  give  you 
an  idea  of  how  extensive  these  alterations 
are,  I  have  here  some  very  good  skeletons, 
for  which  I  am  indebted  to  my  friend  Mr. 
Tegetmeier,  a  great  authority  in  these  mat- 
ters, by  mefms  of  which,  if  you  examine 
them  by  and  by,  you  will  be  able  to  see  the 
enormous  difference  hi  their  bony  structures. 

I  had  the  privilege,  some  time  ago,  of 
access  to  some  important  MSB.  of  Mr.  Dar- 
win,who,  1  may  tell  you,  has  taken  very  great 
pains  and  spent  much  valuable  time  and  at- 
tention on  the  investigation  of  these  varia- 
tions, and  getting  together  all  the  facts  that 
bear  upon  them.  1  obtained  from  these  MSB. 
the  following  summary  of  the  differences 
between  the  domestic  breeds  of  pigeons — that 
is  to  say,  a  notification  of  the  various  points 
in  which  their  organization  differs.  In  the 
first  place,  the  back  of  the  skull  may  differ 
a  good  deal,  and  the  development  of  the 
bones  of  the  face  may  vary  a  great  deal  ; 
the  back  varies  a  good  deal  ;  the  shape  of 
the  lower  jaw  varies  ;  the  tongue  varies  very 
greatly  not  only  in  correlation  to  the  length 
and  size  of  the  beak,  but  it  seems  also  to 
have  a  kind  of  independent  variation  of  its 
own.  Then  the  amount  of  naked  skin  round 
the  eyes,  and  at  the  base  of  the  beak,  may 
vary  enormously  ;  so  may  the  length  of  the 
eyelids,  the  shape  of  the  nostrils,  and  the 
length  of  the  neck.  I  have  already  noticed 
the  habit  of  blowing  out  the  gullet,  so  re- 
markable in  the  pouter,  and  comparatively 
so  in  the  others.  There  are  great  differ- 
ences, tin),  in  the  size  of  the  female  and  the 
male,  the  shape  of  the  body,  the  number  and 
width  of  the  processes  of  the  ribs,  the  devel- 
opment of  the  ribs,  and  the  size,  shape,  and 


development  of  the  breast-bone.  We  may 
notice,  too— and  I  mention  the  fact  because 
it  has  been  disputed  by  what  is  assumed  to 
be  high  authority — the  variation  in  number 
of  the  sacral  vertebrae.  The  number  ol 
these  varies  form  eleven  to  fourteen,  and  thai 
without  any  diminution  in  the  number  of  tho 
vertebrae  of  the  back  or  of  the  tail.  Then 
the  number  and  position  of  the  tail-feathers 
may  vary  enormously,  and  so  may  the  num- 
ber of  the  primary  and  secondary  feathers  of 
the  wings.  Again,  the  length  of  the  feet  and 
of  the  beak — although  they  have  no  relation 
to  each  other,  yet  appear  to  go  together — 
that  is,  you  have  a  long  beak  wherever  you 
have  long  feet.  There  are  differences  also  iu 
the  periods  of  the  acquirement  of  the  perfect 
plumage — the  size  and  shape  of  the  eggs — 
the  nature  of  flight,,  and  the  powers  of  flight 
— so-called  ''homing"  birds  having  enormous 
flying  powers  ;*  while,  on  the  other  hand, 
the  little  tumbler  is  so  called  because  of  its 
extraordinary  faculty  of  turning  head  over 
heels  in  the  air,  instead  of  pursuing  a  distinct 
course.  And,  lastly,  the  dispositions  and 
voices  of  the  birds  may  vary.  Thus  the  case 
of  the  pigeons  shows  you  that  there  is  hardly 
a  single  particular — whether  of  instinct,  or 
habit,  or  bony  structure,  or  of  plumage — of 
either  the  internal  economy  or  the  external 
shape,  in  which  some  variation  or  change 
may  not  take  place  whicii  by  selective  breed- 
ing may  become  perpetuated,  and  form  the 
foundation  of,  and  give  rise  to,  a  new  race. 

If  you  carry  in  your  mind's  eye  these  four 
varieties  of  pigeons,  you  will  bear  with  you 
as  good  a  notion  a  you  can  have,  peihaps,  of 
the  enormous  extent  to  which  a  deviation 
from  a  primitive  type  may  be  carried  by 
means  of  this  process  of  selective  breeding. 

LECTURE  V. 

THE  CONDITIONS  OF   EXISTENCE  AS  AFFECT- 
ING THE  PERPETUATION  OF  LIVING  BEINGS. 

IN  the  last  lecture  I  endeavored  to  prove 
to  you  that  while,  as  a  general  rule,  organic 
beings  tend  to  reproduce  their  kind,  there  is 
in  them,  also,  a  constantly  recurring  ten- 
dency to  vary — to  vary  to  a  greater  or  to  a 
less  extent.  Such  a  variety,  I  pointed  out  to 
you,  might  arise  from  causes  which  we  do  not 
understand  ;  we  therefore  called  it  spontane- 
ous ;  and  it  might  come  into  existence  as  a 
definite  and  marked  thing,  without  any  gra- 
dations between  itself  and  the  form  which 
preceded  it.  I  further  pointed  out  that  such 
a  variety  having  once  arisen,  might  be  per- 
petuated to  some  extent,  and  indeed  to  a  very 
marked  extent,  without  any  direct  interfer- 
ence, or  without  any  exercise  of  that  process 
which  we  called  selection.  And  then  I  stated 
further  that  by  such  selection,  when  exer- 
cised artificially — if  you  took  care  to  breed 
only  from  those  forms  which  presented  the 

*  The  "  Carrier"  I  learn  from  Mr.  Tegetmeier,  does 
jiot  carry,  a.  hij:h-bred  bird  of  this  breed  being  but  a 
poor  flyer.  The  birds  which  fly  loug  distances,  and 
come  home—"  homing"  birds— and  are  consequently 
u*ed  as  carriers,  are  not  "  carriers"  in  the 
sense. 
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eatne  peculiarities  of  any  variety  which  had 
arisen  in  this  manner—the  variation  might 
be  perpetuated,  a&  fa.-  as  we  can  see,  indefi- 
nitely. 

The  next  question,  and  it  is  an  impor- 
tant one  for  us,  is  this  :  Is  there  any  limit 
to  the  amount  of  variation  from  the  primitive 
stock  which  can  be  produced  b}'  this  process 
of  selective  breeding  ?  In  considering  this 
question,  it  will  be  useful  to  class  the  char- 
acteristics, in  respect  of  which  organic  beings 
vary,  under  two  heads  :  we  may  consider 
structural  characteristics,  and  we  may  con- 
sider physiological  characteristics. 

In  the  first  place,  as  regards  structural 
characteristics,  I  endeavored  to  show  you,  by 
the  skeletons  which  I  had  upon  the  table, 
and  by  reference  to  a  great  many  well-ascer- 
tained facts,  that  the  different  breeds  of 
pigeons,  the  carriers,  pouters,  and  tumblers, 
might  vary  in  any  of  their  internal  and  im- 
portant structural  characters  to  a  very  great 
degree  ;  not  only  might  there  be  changes  in 
the  proportions  of  the  skull,  and  the  charac- 
ters of  the  feet  and  beaks,  and  so  on,  but 
that  there  might  be  an  absolute  difference  in 
the  number  of  the  vertebrae  of  the  back,  as 
in  the  sacral  vertebrae  of  the  pouter  ;  and  so 
great  is  the  extent  of  the  variation  in  these 
and  similar  characters  that  I  pointed  out  to 
you,  by  reference  to  the  skeletons  and  the 
diagrams,  that  these  extreme  varieties  may 
absolutely  differ  more  from  one  another  iii 
their  structural  characters  than  do  what  natu- 
ralists call  distinct  SPECIES  of  pigeons  ;  that 
is  to  say,  that  they  differ  so  much  in  struc- 
ture that  there  is  a  greater  difference  between 
the  pouter  and  the  tumbler  than  there  is  be- 
tween such  wild  and  distinct  forms  as  the 
rock  pigeon  or  the  ring  pigeon,  or  the  ring 
pigeon  and  the  stock  dove  ;  and,  indeed,  the 
differences  are  of  greater  value  than  this, 
for  the  structural  differences  between  these 
domesticated  pigeons  are  such  as  would  be 
admitted  by  a  naturalist,  supposing  he  knew 
nothing  at  all  about  their  origin,  to  entitle 
them  to  constitute  even  distinct  genera. 

As  I  have  used  this  term  SPECIES,  and 
shall  probably  use  it  a  good  deal,  I  had  bet- 
ter, perhaps,  devote  a  word  or  two  to  explain- 
ing what  I  mean  by  it. 

Animals  and  plants  are  divided  into 
groups,  which  become  gradually  smaller, 
beginning  with  a  kingdom,  which  is  divided 
into  sub-kingdoms  ;  then  come  the  smaller 
divisions  called  provinces  ;  and  so  on  from  a 
province  to  a  class,  from  a  class  to  an  order, 
from  orders  to  families,  and  from  these  to 
genera,  until  we  come  at  length  to  the  small- 
est groups  of  animals  which  can  be  defined 
one  from  the  other  by  constant  characters, 
which  are  not  sexual  ;  and  these  are  what 
naturalists  call  species  in  practice,  whatever 
they  may  do  in  theory. 

If  iu  a  state  of  nature  you  find  any  two 
groups  of  living  beings  which  are  separated 
one  from  the  other  by  some  constantly-re- 
curring characteristic,  I  don't  care  how  slight 
and  trivial,  so  long  as  it  is  defined  ami  con- 
stant, and  does  not  depend  on  sexuul  peculi- 


arities, then  all  naturalists  agree  in  calling 
them  two  species  ;  that  is  what  is  meant  by 
the  use  of  the  word  species — that  is  to  say, 
it  is  for  the  practical  natunilist  a  mere  ques- 
tion of  structural  differences.* 

We  have  seen  now — to  repeat  this  point 
once  more,  and  it  is  very  essential  that  we 
should  rightly  understand  it — we  have  seen 
that  breeds,  known  to  have  been  derived, 
from  a  common  stock  by  selection,  may  be 
as  different  in  their  structure  from  the  origi- 
nal stock  as  species  may  be  distinct  from 
each  other. 

But  is  the  like  true  of  the  physiological 
characteristics  of  animals.  Do  the  physio- 
logical differences  of  varieties  amount  in  de- 
gree to  those  observed  between  forms  which 
naturalists  call  distinct  species?  This  is  a 
most  important  point  for  us- to  consider. 

As  regards  the  great  majority  of  physio- 
logical characteristics,  there  is  no  doubt  that 
they  are  capable  of  being  developed,  in- 
creased, and  modified  by  selection. 

There  is  no  doubt  that  breeds  may  be  made 
as  different  as  species  in  many  physiological 
characters.  I  have  already  pointed  out  to 
you  very  briefly  the  different  habits  of  the 
breeds  of  pigeons,  all  of  which  depend  upon 
their  physiological  peculiarities — as  the  pecu- 
liar habit  of  tumbling,  in  the  tumbler — the 
peculiarities  of  flight,  in  the  "  homing"  birds 
— the  strange  habit  of  spreading  out  the  tail, 
and  walking  in  a  peculiar  fashion,  in  the 
fantail — and,  lastly,  the  habit  of  blowing  out 
the  gullet,  so  characteristic  of  the  pouter. 
These  are  all  due  to  physiological  modifica- 
tion, and  in  all  these  respects  these  birds  dif- 
fer as  much  from  each  other  as  any  two 
ordinary  species  do. 

So  with  dogs  in  their  habits  and  instincts. 
It  is  a  physiological  peculiarity  which  leads 
the  greyhound  to  chase  its  prey  by  sight — 
that  enables  the  beagle  to  track  it  by  the 
scent — that  impels  the  terrier  to  its  rat-hunt- 
ing propensity — and  that  leads  the  retriever 
to  its  habit  of  retrieving.  These  habits  and 
instincts  are  all  the  res^'.ts  of  physiological 
differences  and  peculiarities,  which  have 
been  developed  from  a  common  stock,  at 
least  there  is  every  reason  to  believe  so.  But 
it  is  a  most  singular  circumstance  that  while 
you  may  run  through  almost  the  whole  series 
of  physiological  processes,  without  finding  a 
check  to  your  argument,  you  come  at  last  to 
a  point  where  you  find  a  check,  and  that  is 
in  the  reproductive  processes.  For  there  is 
a  most  singular  circumstance  in  respect  to 
natural  species — at  least  about  some  of  them 
— and  it  would  be  sufflcient  for  the  purposes 
of  this  argument  if  it  were  true  of  only  one 
of  them,  but  there  is,  in  fact,  a  great  number 
of  such  cases — and  that  is  that,  similar  as 
they  may  appear  to  be  to  mere  races  or 
breeds,  they  present  a  marked  peculiarity  in 
the  reproductive  process.  If  you  breed  from 
the  male  and  female  of  the  same  race,  you  of 

*  I  lay  stress  here  on  the  practical  signification  of 
"Species."  Whether  a  physiological  test  between 
species  exists  or  not.  it  is  hardly  ever  apj>licable  by 
the  practical  naturalist. 
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course  have  offspring  of  the  like  kind,  and  if 
yon  make  the  offspring  breed  together,  you 
obtain  the  same  result,  and  if  you  breed 
from  these  again,  you  will  still  have  the  same 
kind  of  offspring  ;  there  is  no  check.  But 
if  you  take  members  of  two  distinct  species, 
however  similar  they  may  be  to  each  other, 
and  make  them  breed  together,  you  will 
find  a  check,  with  some  modifications  and 
exceptions,  however,  which  I  shall  speak  of 
presently.  If  you  cross  two  such  species 
with  each  other,  then— although  you  may 
get  offspring  in  the  case  of  the  first  cross, 
yet,  if  you  attempt  to  breed  from  the  pro- 
ducts of  that  crossing,  which  are  what  are 
called  hybrids— that  is,  if  you  couple  a  male 
and  a  female  hybrid — then  the  result  is  that 
in  ninety-nine  cases  out  of  a  hundred  you 
will  get  no  offspring  at  all ;  there  will  be  no 
result  whatsoever. 

The  reason  of  this  is  quite  obvious  in  some 
cases  ;  the  male  hybrids,  although  possess- 
ing all  the  eternal  appearances  and  charac- 
teristics of  perfect  animals,  are  physiologi- 
cally imperfect  and  deficient  in  the  struc- 
tural parts  of  the  reproductive  elements 
necessary  to  generation.  It  is  said  to  be  in- 
variably the  case  with  the  male  mule,  the 
cross  between  the  ass  and  the  mare  ;  and 
hence  it  is  that,  although  crossing  the  horse 
with  the  ass  is  easy  enough,  and  is  constantly 
donu  as  far  as  I  am  aware,  if  you  take  two 
mules,  a  male  and  a  female,  and  endeavor  to 
breed  from  them,  you  get  no  offspring  what- 
ever ;  no  generation  will  take  place.  This 
is  what  is  called  the  sterility  of  the  hybrids 
between  two  distinct  species. 

You  see  that  this  is  a  very  extraordinary 
circumstance  ;  one  does  not  see  why  it  should 
be.  The  common  Ideological  explanation 
is,  that  it  is  to  prevent  the  impurity  of  the 
blood  resulting  from  the  crossing  of  one 
species  with  another,  but  you  see  it  does  not 
in  reality  do  anything  of  the  kind.  There  is 
nothing  in  this  fact  that  hybrids  cannot  breed 
with  each  other  to  establish  such  a  theory  ; 
there  is  nothing  to  prevent  the  horse  breed- 
ing with  the  ass,  or  the  ass  with  the  horse. 
So  that  this  explanation  breaks  down,  as  a 
great  many  explanations  of  this  kind  do,  that 
are  only  founded  on  mere  assumptions. 

Thus  you  see  that  there  is  a  great  differ- 
ence between  "  mongrels,"  which  are  crosses 
between  distinct  races,  and  "hybrids," 
which  are  crosses  between  distinct  species. 
The  mongrels  are,  so  far  as  we  know,  fertile 
with  one  another.  But  between  species,  in 
many  cases,  you  cannot  succeed  in  obtaining 
even  the  first  cross  ;  at  any  rate  it  is  quite 
certain  that  the  hybrids  are  often  absolutely 
infertile  one  with  another. 

Here  is  a  feature,  then,  great  or  small  as  it 
may  be,  which  distinguishes  natural  species 
of  animals.  Can  we  find  any  approximation 
to  this  in  the  different  races  known  to  be 
produced  by  selective  breeding  from  a  com- 
mon stock?  Up  to  the  present  time  the 
answer  to  that  ouestion  is  absolutely  a  nega- 
tive one.  As  far  as  we  know  at  present, 
there  is  nothing  approximating  to  this  check 


In  crossing  the  breeds  between  the  fantail 
and  the  pouter,  the  carrier  and  the  tumbler, 
or  any  other  variety  or  race  you  may  name 
— so  far  as  we  know  at  present — there  is  no 
difficulty  in  breeding  together  the  mongrels. 
Take  the  carrier  and  the  fantail,  for  instance, 
and  let  them  represent  the  hoise  and  the  ass 
in  the  case  of  disiinct  species  ;  then  you 
have,  as  the  result  of  their  breeding,  the 
carrier-fantail  mongrel — we  will  say  the  male 
and  female  mongrel — and,  as  far  as  we 
know,  these  two  when  crossed  woukl  not  lie 
less  fertile  than  the  original  cross,  or  than 
carrier  with  carrier.  Here,  you  see,  is  a 
physiological  contrast  between  the  races  pro- 
duced by  selective  modification  and  natural 
species.  I  shall  inquire  into  the  value  of 
this  fact,  and  of  some  modifying  circum- 
stances, by  and  by  ;  for  the  present  I  merely 
put  it  broadly  before  you. 

But  while  considering  this  question  of  the 
limitations  of  species,  a  word  must  be  said 
about  what  is  called  Recurrence — the  ten- 
dency of  races  which  have  been  developed  by 
selective  breeding  from  varieties  to  return  to 
their  primitive  type.  This  is  supposed  by 
many  to  put  an  absolute  limit  to  the  extent 
of  selective  and  all  other  variations.  People 
say,  "  It  is  all  very  well  to  talk  about  pro- 
ducing these  different  races,  but  you  know 
very  well  that  if  you  turned  all  these  birds 
wild,  these  pouters  and  carriers,  and  so  on, 
they  would  all  return  to  tlu-ir  primitive 
slock."  This  is  very  commonly  assumed  to 
be  a  fact,  and  it  is  an  argument  that  is  com- 
monly brought  forward  as  conclusive  ;  but 
if  you  will  take  the  trouble  to  inquire  into  it 
rather  closely,  I  think  you  will  find  that  it 
is  not  worth  very  much.  The  first  question 
of  course  is,  Do  they  thus  return  to  the  primi- 
tive stock  ?  And  commonly  as  the  thing  ia 
assumed  and  accepted,  it  is  extremely  diffi- 
cult to  get  anything  like  good  evidence  of  it. 
It  is  constantly  said,  for  example,  that  if 
domesticated  horses  are  turned  wild,  as  they 
have  been  in  some  parts  of  Asia  Minor  and 
South  America,  that  they  return  at  once  to 
the  primitive  stock  from  which  they  were 
bred.  But  the  first  answer  that  you  make 
to  this  assumption  is,  to  ask  TV»O  knows 
what  the  primitive  stock  was  ;  and  the  sec- 
ond answer  is,  that  in  that  case  the  wild 
horses  of  Asia  Minor  ought  to  be  exactly  like 
the  wild  horses  of  South  America.  If  they 
are  both  like  the  same  thing,  they  ought 
manifestly  to  be  like  each  other  !  The  best 
authorities,  however,  tell  you  that  it  is  quite 
different.  The  wild  horse  of  Asia  is  said  to 
be  of  a  dun  color,  with  a  largish  head,  and  a 
great  many  other  peculiarities,  while  the  best 
authorities  on  the  wild  horses  of  South 
America  tell  you  that  there  is  nothing  of  this 
soit  in  the  wild  horses  there  ;  the  cut  of  their 
heads  is  very  different,  and  they  are  com- 
monly chestnut  or  bay  colored.  It  is  quite 
clear,  therefore,  that  as  by  these  facts  there 
ought  to  have  b<en  two  primitive  stocks, 
they  go  for  nothing  in  support  of  the  as- 
Himption  that  races  recur  to  one  primitive 
"icck,  and  so  far  as  this  evidence  is  con- 
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eerned  It  falls  to  the  ground 

Suppose  for  a  moment  that  it  were  so,  and 
that  domesticated  races,  when  turned  wild, 
did  return  to  some  common  condition,  I  can- 
not see  that  this  would  prove  much  more 
than  that  similar  conditions  are  likely  to 
produce  similar  results  ;  and  that  when  you 
take  back  domesticated  animals  into  what  we 
call  natural  conditions,  you  do  exactly  the 
same  thing  as  if  you  carefully  undid  all  the 
work  you  had  gone  through,  for  the  purpose 
of  b'iuging  the  animal  from  its  wild  toils 
domesticated  state.  I  do  not  see  anything 
very  wonderful  in  the  fact,  if  it  took  all  that 
trouble  to  get  it  from  a  wild  state,  that  it 
should  go  back  into  its  original  state  as  soon 
as  you  remove  the  conditions  which  pro- 
duced the  variation  to  the  domesticated 
form.  There  is  an  important  fact,  however, 
forcibly  brought  forward  by  Mr.  Darwin, 
which  has  been  noticed  in  connection  with 
the  breeding  of  domesticated  pigeons  ;  and 
it  is  that,  however  different  these  breeds  of 
pigeons  may  be  from  each  other,  and  we 
have  already  noticed  the  great  diffeiences  in 
these  breeds,  that  if,  amoag  any  of  those 
variations,  you  chance  to  have  a  blue  pigeon 
turn  up,  it  will  be  sure  io  have  the  black  bars 
across  the  wings,  which  are  characteristic  of 
the  original  wild  stock,  the  rock  pigeon. 

Now  this  is  certainly  a  very  remarkable 
circumstance  :  but  1  do  not  see  myself  bow 
it  tefls  very  strongly  either  one  way  or  the 
other.  I  think,  in  fact,  that  this  argument 
in  favor  of  recurrence  to  the  primitive  type 
might  prove  a  great  deal  too  much  for  those 
who  so  constantly  bring  it  forward.  For  ex- 
ample, Sir.  Dai  win  has  very  forcibly  urged 
that  nothing  is  coinmimer  than  if  you  exam- 
ine a  dun  horse — and  I  had  an  opportunity 
of  verifying  this  illustiation  lately  while  in 
the  islands  of  the  West  Highlands,  where 
there  are  a  great  many  dun  horses — to  find 
that  hoi se  exhibit  along  black  stripe  down 
his  back,  very  often  stripes  on  his  shoulder, 
und  very  often  stripes  on  his  legs.  I  myself 
saw  a  pony  of  this  description  a  short  time 
ago,  in  a  baker's  cart,  near  Rothesay,  in  Bute  ; 
it  had  the  long  stripe  down  the  back,  and 
stripes  on  the  shoulders  and  legs,  just  like 
those  of  the  ass,  the  quagga,  and  the  zebra. 
Now  if  we  interpret  the  theory  of  recur- 
rence as  applied  to  this  case,  might  it  not  be 
said  that  here  was  a  case  of  a  variation  ex- 
hibiting the  characters  and  conditions  of  an 
animal  occupying  something  like  an  inter- 
mediate position  between  the  horse,  the  ass, 
the  quagga,  and  the  zebra,  and  from  which 
these  had  been  developed  ?  In  the  same  way 
with  regard  even  to  man.  Every  anatomist 
will  tell  you  that  there  is  nothing  commoner, 
in  dissecting  the  human  body,  than  to  meet 
with  what  are  called  muscular  variations — 
that  is,  if  you  dissect  two  bodies  very  care- 
fully you  will  probably  find  that  the  modes 
of  pttachment  and  insertion  of  the  muscles 
are  not  exactly  the  same  in  both,  there  being 
great  peculiarities  in  the  mode  in  whicli  the 
muscles  are  arranged  ;  and  it  is  very  singu- 
lar that  in  some  dissections  of  the  human 


body  you  will  come  upon  arrangements  of 
the  muscles  very  similar  indeed  to  the  same 
parts  in  the  apes.  Is  the  conclusion  in  that 
case  to  be  that  this  is  like  the  black  bars  in 
the  case  of  the  pigeon,  and  that  it  indicates 
a  recurrence  to  the  primitive  type  from 
which  the  animals  have  been  probably  devel- 
oped ?  Truly,  I  think  that  the  opponents  of 
modification  and  variation  had  better  leave 
the  argument  of  recurrence  alone,  or  it  may 
prove  altogether  too  strong  for  them. 

To  sum  up— the  evidence  as  far  as  we  have 
gone  is  against  the  argument  as  to  any  limit 
to  divergences,  so  far  as  structure  is  con- 
cerned ;  and  in  favor  of  a  physiological  limi- 
tation. By  selective  breeding  we  can  pro- 
duce structural  divergences  as  great  as  those 
of  species,  but  we  cannot  produce  equal 
physiological  divergences.  For  the  present 
I  leave  th«  question  there. 

Now  the  next  problem  that  lies  before  us 
— and  it  is  an  extremely  important  one — is 
this  :  Does  this  selective  breeding  occur  in 
nature  ?  Because,  if  there  is  no  proof  of  it, 
all  that  I  have  been  telling  you  goes  foi 
nothing  in  accounting  for  the  crigip  of 
Bpecies.  Are  natural  causes  competent  to 
play  the  part  of  selection  in  perpetuating 
varieties  ?  Here  we  labor  under  very  great 
difficulties.  In  the  last  lecture  I  had  occa- 
sion to  point  out  to  you  the  extreme  difficulty 
of  obtaining  evidence  even  of  the  first  origin 
of  those  varieties  which  we  know  to  have 
occurred  in  domesticated  animals.  1  told 
you  that  almost  always  the  origin  of  these 
varieties  is  overlooked,  so  that  I  could  only 
produce  two  or  three  cases,  as  that  of  Gratio 
Kelleia  and  of  the  Aucon  sheep.  People 
forget,  or  do  not  take  notice  of  them  until 
they  come  to  have  a  prominence  ;  and  if  that 
is  true  of  artificial  cases,  under  our  own  eyes, 
and  in  animals  in  our  own  care,  how  much 
more  difficult  it  must  be  to  ha\re  at  first  hand 
good  evidence  of  the  origin  of  varieties  in 
nature  I  Indeed,  I  do  not  know  that  it  is 
possible  by  direct  evidence  to  prove  the 
origin  of  a  variety  in  nature,  or  to  prove 
selective  breeding  ;  but  1  will  tell  you  what 
we  can  prove — and  this  comes  to  the  same 
thing — that  varieties  exist  in  nature  within 
the  limits  of  species,  and,  what  is  more,  that 
when  a.  variety  has  come  into  existence  in 
nature  there  are  natural  causes  and  condi- 
tions which  are  amply  competent  to  play  the 
part  of  a  selective  breeder  ;  and  although 
that  is  not  quite  the  evidence  that  one  would 
like  to  have — though  it  is  not  direct  testi- 
mony— yet  it  is  exceeding  good  and  exceed- 
ingly powerful  evidence  in  its  way. 

As  to  the  first  point,  of  varieties  existing 
among  natural  species,  I  might  appeal  to  the 
universal  experience  of  every  naturalist,  and 
of  any  person  who  has  ever  turned  any  at- 
tention at  all  to  the  characteristics  of  plants 
and  animals  in  a  state  of  nature  ;  but  I  may 
as  well  take  a  few  definite  cases,  and  I  will 
begin  with  man  himself. 

I  am  one  of  ;hose  who  believe  that,  at  pres- 
ent, there  is  no  evidence  whatever  for  say- 
ing that  mankind  sprang  originally  froii} 
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my  more  than  a  single  pair ;  I  must  say 
that  I  cannot  see  any  good  ground  whatever, 
or  even  any  tenable  sort  of  evidence,  for 
believing  that  there  is  more  than  one  species 
of  man.  Nevertheless,  as  you  know,  just  as 
there  are  numbers  of  varieties  in  animals,  so 
there  are  remarkable  varieties  of  men. 
speak  not  merely  of  those  broad  and  distinct 
variations  which  you  see  at  a  glance  Every- 
body, of  course,  knows  the  difference  be- 
tween a  negro  and  a  white  man,  and  can  tell 
a  Chinaman  from  an  Englishman.  They 
each  have  peculiar  characteristics  of  color 
and  physiognomy  ;  but  you  must  recollect 
that  the  characters  of  these  races  go  very  far 
deeper— they  extend  to  the  bony  structure, 
and  to  the  characters  of  that  most  important 
of  all  organs  to  us — the  brain  ;  so  that, 
among  men  belonging  to  different  races,  or 
even  within  the  same  race,  one  man  shall 
have  a  brain  a  third,  or  half,  or  even  seventy 
per  cent  bigger  than  another ;  and  if  you 
take  the  whole  range  of  human  brains,  you 
will  find  a  variation  in  some  cases  of  a  hun- 
dred per  cent.  Apart  from  these  variations 
in  the  size  of  the  brain  the  characters  of  the 
skull  vary.  Thus  if  I  draw  the  figures  of  a 
Mongul  and  a  negro  head  on  the  blackboard, 
in  the  case  of  the  last  the  breadth  would  be 
about  seven  tenths,  and  in  the  other  it  would 
be  nine  tenths  of  the  total  length.  So  that 
you  see  there  is  abundant  evidence  of  varia- 
tion among  men  in  their  natural  condition. 
And  if  you  turn  to  other  animals  there  is  just 
the  same  thing.  The  fox,  for  example, 
which  has  a  very  large  geographical  distribu- 
tion all  over  Europe,  and  parts  of  Asia,  and 
on  the  American  Continent,  varies  greatly. 
There  are  mostly  large  foxes  in  the  North, 
and  smaller  ones  in  the  South.  In  Germany 
alone  the  foresters  reckon  some  eight  differ- 
ent sorts. 

Of  the  tiger,  no  one  supposes  that  there  is 
more  than  one  species  ;  they  extend  from 
liie  hottest  parts  of  Bengal  into  the  dry, 
eold,  bitter  steppes  of  Siberia,  into  a  latitude 
of  50° — so  that  they  may  even  prey  upon  the 
reiudcer.  These  tigers  have  exceedingly  dif- 
ferent characteristics,  but  still  they  all  keep 
their  general  features,  so  that  there  is  no 
doubt  as  to  their  being  tigers.  The  Siberian 
tiger  has  a  thick  fur,  a  small  inane,  and  a 
longitudinal  stripe  down  the  back,  while  the 
tigers  of  Java  and  Sumatra  differ  in  many 
important  respects  from  the  tigers  of  North 
ern  Asia.  So  lions  vary  ;  so  birds  vary  ;  and 
so,  if  you  go  farther  back  and  lower  down 
in  creation,  you  find  fishes  vary.  In  different 
streams,  in  the  same  country  even,  you  will 
find  the  trout  to  be  quite  different  to  each 
other  and  easily  recognizable  by  those  who 
fish  in  the  particular  streams.  There  is  the 
same  differences  in  leeches  ;  leech  collectors 
can  easily  point  out  to  you  the  differences  and 
the  peculiarities  which  you  yourself  would 
probably  pass  by  ;  so  with  fiesh-water  mus- 
sels ;  so,  in  fact,  with  every  animal  you  can 
mention. 

In  plants  there  is  the  same  kind  of  varia- 
.tion.     Take  such  a  case  even  as  the  common 


bramble.  The  botanists  are  all  at  war  about 
it,  some  of  them  wanting  to  make  out  that 
there  are  many  species  of  it,  and  others 
maintaining  that  they  are  but  many  varieties 
of  one  species  ;  and  they  cannot  settle  to  this 
day  which  is  a  species  and  which  is  a  variety  ! 

So  that  there  can  be  no  doubt  whatsoever 
that  any  plant  and  any  animal  may  vary  in 
nature  ;  that  varieties  may  arise  m  the  way 
I  have  described — as  spontaneous  varieties— 
and  that  those  varieties  may  be  perpetuate! ' 
in  the  same  way  that  I  have  shown  you 
spontaneous  varieties  are  perpetuated  ;  I  bay, 
therefore,  that  there  can  be  no  doubt  as  to  the 
origin  and  perpetuation  of  varieties  in  nature. 

But  the  question  now  is,  Does  selection 
take  place  in  nature  ?  is  there  anything  like 
the  operation  of  man  in  exercising  selective 
breeding  taking  place  in  nature?  You  will 
observe  that,  at  present,  I  say  nothing  about 
species  ;  I  wish  to  confine  myself  to  the  con- 
sideration of  the  production  of  those  natural 
races  which  everybody  admits  to  exist.  The 
question  is,  whether  in  nature  there  are 
causes  competent  to  produce  races,  just  iu 
the  same  way  as  man  is  able  to  produce,  by 
selection,  such  races  of  animals  as  we  have 
already  noticed. 

When  a  variety  has  arisen,  the  Conditions 
of  Existence  are  such  as  to  exercise  an  in- 
fluence which  is  exactly  comparable  to  that 
of  artificial  selection.  .  By  Conditions  of  Ex- 
istence I  mean  two  things — there  are  condi- 
tions which  are  furnished  by  the  physical,  the 
inorganic  world,  and  there  are  conditions  of 
existence  which  are  furnished  by  the  organic 
world.  There  is,  in  the  first  place,  Climate  ; 
under  that  head  1  include  only  temperature 
and  the  varied  amount  of  moisture  of  particu- 
lar places.  In  the  next  place  there  is  what 
is  technically  called  Station,  which  means- 
given  the  climate,  the  particular  kind  of 
place  in  which  an  animal  or  a  plant  lives  or 
grows  ;  for  example,  the  station  of  a  fish  is 
in  the  water,  of  a  fresh  water  fish  in  fresh 
water  ;  the  station  of  a  marine  fish  is  in  the 
sea,  and  a  marine  animal  may  have  a  station 
higher  or  deeper.  So  again  with  land  ani- 
mals ;  the  differences  in  their  stations  are 
those  of  different  soils  and  neighboi  hoods, 
some  being  best  adapted  to  a  calcareous,  and 
others  to  an  arenaceous  oil.  The  third  con- 
dition of  existence  is  Food,  by  which  I  mean 
food  in  the  broadest  sense,  the  supply  of  the 
materials  necessary  to  the  existence  of  an 
organic  being  ;  in  the  case  of  a  plant  the  in- 
organic matters,  such  as  carbonic  acid,  water, 
ammonia,  and  the  earthly  salts  or  salines  ;  in 
the  case  of  the  animal  the  inorganic  and 
organic  matters,  which  we  have  seen  they 
require  ;  then  these  are  all,  at  least  the  two 
first,  what  we  may  call  the  inoigauic  or 
physical  conditions  of  existence.  Fo-d  takes 
a  mid-place,  and  then  come  the  organic  con- 
ditions, by  which  I  mean  the  conditions 
which  depend  upon  the  state  of  the  rest  of 
the  organic  creation,  upon  the  number  and 
kind  of  living  beings,  with  which  an  animal 
is  surrounded.  You  may  class  these  under 
I  wo  heads:  there  are  oigauic  beings,  vrhicu 
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operate  as  opponents,  and  there  are  organic 
beings,  which  operate  as  Jtelpern  to  any  given 
organic  creature.  The  opponents  may  be  of 
two  kinds  :  there  are  the  indirect  opponents, 
which  are  what  we  may  call  rivals  ;  and 
there  are  the  direct  opponents,  those  which 
strive  to  destroy  the  creature  ;  and  these  we 
call  enemies.  By  rivals  I  mean,  of  course, 
in  the  case  of  plants,  those  which  require  for 
their  support  the  same  kind  of  soil  and  sta- 
tion, and,  among  animals,  those  which  re- 
quire the  same  kind  of  station,  or  food,  or 
climate  ;  those  are  the  indirect  opponents  ; 
the  diiect  opponents  are,  of  course,  those 
which  prey  upon  an  animal  or  vegetable. 
The  helpers  may  also  be  regarded  as  direct 
and  indirect :  in  the  case  of  a  carnivorous 
animal,  for  example,  a  particular  herbaceous 
plant  may  in  nniitiplying  be  an  indirect 
helper  by  enabling  the  heibivora  on  which 
the  carnivore  preys  to  get  more  food,  and 
thus  to  nourish  the  carnivore  more  abun- 
dantly ;  the  direct  helper  may  be  best  illus- 
trated by  refeience  to  some  parasitic  crea- 
ture, such  as  the  tape-worm.  The  tape- 
worm exists  in  the  human  intestines,  so  that 
flie  fewer  there  are  of  men  the  fewer  there 
•will  be  of  tape-worms,  other  things  being 
alike.  It  is  »  humiliating  reflection,  perhaps, 
that  we  may  be  classed  as  direct  helpers  to 
the  tape- worm,  but  the  fact  is  so  ;  we  can 
all  see  that  if  there  were  no  men  there  would 
be  no  tape-worms. 

It  is  extremely  difficult  to  estimate,  in  a 
proper  way,  the  importance  and  the  working 
of  the  Conditions  of  Existence.  I  do  not 
think  there  were  any  of  us  who  had  the  re- 
motest notion  of  properly  estimating  them 
until  the  publication  of  Mr.  Darwin's  work, 
which  has  placed  them  before  us  with  re- 
markable clearness  ;  arid  1  must  endeavor, 
as  far  as  I  can  in  my  own  fashion,  to  give 
you  some  noMon  of  how  they  work.  We 
•hull  find  it  ey  iest  to  take  a  simple  case,  and 
•ne  as  free  a/  possible  from  every  kind  oi 
complication. 

I  will  supp-f  fa,  therefore,  that  all  the  habit- 
able part  ol.  this  globe — the  dry  land, 
amounting  ti  about  51,000,000  square  miles 
— I  will  suppose  that  the  whole  of  that  dry 
land  has  the  same  climate,  and  that  it  is  com- 
posed of  the  same  kind  of  rock  or  soil,  so 
that  there  will  be  the  same  station  every- 
where ;  we  thus  get  rid  of  the  peculiar  influ- 
ence of  different  climates  and  stations.  I 
will  then  imagine  that  there  shall  be  but  one 
organic  being  in  the  world,  and  that  shall  be 
a  plant.  In  this  we  start  fair.  Its  food  is  to 
be  carbonic  acid,  water,  and  ammonia,  aud 
the  saline  matters  in  the  soil,  which  are,  by 
the  supposition,  everywhere  alike.  We  take 
ene  single  plant,  with  no  opponents,  no  help- 
ers, and  no  rivals  ;  it  is  to  be  a  "  fair  field 
and  no  favor."  Now  1  will  ask  you  to  im- 
agine further  that  it  shall  be  a  plant  which 
shall  produce  every  year  fifty  seeds,  which 
is  a  very  moderate  number  for  a  plant  to  pro- 
duce ;  and  that,  by  the  action  of  the  winds 
and  currents,  these  seeds  shall  be  equally  aud 
gradually  distributed  over  the  whole  surface 


of  the  land.  I  want  you  now  to  trace  out 
what  will  occur,  and  you  will  observe  that  I 
am  not  talking  fallaciously  any  more  than  a 
mathematician  djes  when  he  expounds  his 
problem.  If  you  show  that  the  conditions 
of  your  problem  are  such  as  may  actually 
occur  in  nature,  and  do  not  transgress  any  of 
the  known  laws  of  nature  in  woikiug  out 
your  proposition,  then  you  are  as  safe  in  the 
conclusion  you  arrive  at  as  is  the  mathema- 
tician in  arriving  at  the  solution  of  his  prob- 
lem. In  science,  the  only  way  of  getting  i  id 
of  the  complications  with  which  a  subject  of 
this  kind  is  environed  is  to  work  in  this  de- 
ductive method.  What  will  be  the  result 
then  ?  I  will  suppose  that  every  plant  re- 
quires one  square  foot  of  ground  to  live 
upon  ;  and  the  result  will  be  that,  in  the 
course  of  nine  years,  the  plant  will  have 
occupied  every  single  available  spot  in  the 
whole  globe  1  I  have  chalked  upon  the 
blackboai  d  the  figures  by  which  I  vrive  at 
the  result : 


You  will  see  from  this  that,  at  the  end  of 
the  first  year,  the  single  plant  will  have  pro- 
duced fifty  more  of  its  kind  ;  by  the  end  of 
the  second  year  these  will  have  increased  to 
2500  ;  and  so  on,  in  succeeding  years,  you 
get  beyond  even  trillions  ;  and  I  am  not  at 
all  sure  that  I  could  tell  you  what  the  proper 
arithmetical  denomination  of  the  total  num- 
ber really  is  ;  but,  at  any  rate,  you  will  un- 
derstand the  meaning  of  all  those  noughts. 
Then  you  see  that,  at  the  bottom,  I  have  taken 
the  51,000,000  of  square  miles,  constituting 
the  surface  of  the  dry  land  ;  and  as  the  num- 
ber of  square  feet  are  placed  under  and  ab- 
stracted from  the  number  of  seeds  that  would 
be  produced  in  the  ninth  year,  you  can  see 
at  once  that  there  would  be 'an  immense 
number  more  of  plants  than  1  here  would  be 
square  feet  of  ground  for  their  accommoda- 
tion. This  is  certainly  quite  enough  to  prove 
my  point  ;  that  between  the  eight  and  ninth 
year  after  being  planted  the  single  plant 
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would  have  stocked  the  whole  available  sur- 
face of  the  earth. 

This  is  a  thing  which  is  hardly  conceiv- 
able— it  seems  hardly  imaginable — yet  it  is 
so.  It  is  indeed  simply  the  law  of  Malthus 
exemplified.  Mr.  Malthus  was  a  clergy- 
man,'who  worked  out  this  subject  most  mi- 
nutely and  truthfully  some  years  ago  ;  he 
showed  quite  clearly — and  although  he  was 
much  abused  for  his  conclusions  at  the  time, 
they  have  never  yet  been  disproved,  and 
never  will  be— he  showed  that  in  consequence 
of  the  increase  iu  the  number  of  organic 
beings  in  a  geometrical  ratio  while  the  means 
of  existence  cannot  be  made  to  increase  in 
the  same  ratio,  that  there  must  come  a  time 
when  the  number  of  organic  beings  will  be 
in  excess  of  the  power  of  production  of 
nutriment,  and  that  thus  some  check  must 
arise  to  the  further  increase  of  those  organic 
beings.  At  the  end  of  the  ninth  year  we 
have  seen  that  each  plant  would  not  be  able 
to  get  its  full  square  foot  of  ground,  and  at 
the  end  of  another  year  it  would  have  to 
share  that  space  with  fifty  others  the  pro- 
duce of  the  seeds  which  it  would  give  off. 

What,  then,  takes  place?  Every  plant 
grows  up,  flourishes,  occupies  its  square  foot 
of  ground,  and  gives  off  its  fifty  seeds  ;  but 
notice  this,  that  but  of  this  number  only  one 
can  come  to  anything  ;  there  is  thus,  as  it 
were,  forty-nine  chances  to  one  against  its 
growing  up  ;  it  depends  upon  the  most  for- 
tuitous circumstances  whether  any  one  of 
these  fifty  seeds  shall  grow  up  and  flourish, 
or  whether  it  shall  die  and  perish.  This  is 
what  Mr.  Darwin  has  drawn  attention  to, 
and  called  the  "  Struggle  for  Existence  ;" 
iid  I  have  taken  this  simple  case  of  a  plant 
because  some  people  imagine  that  the  phrase 
seems  to  imply  a  sort  of  fight. 

I  have  taken  this  plant  and  shown  you  that 
this  is  the  result  of  the  ratio  of  the  in- 
crease, the  necessary  result  of  the  arrival  of 
a  time  coming  for  every  species  when  exact- 
ly as  many  members  must  be  destroyed 
as  are  born  ;  that  is  the  inevitable  ultimate 
result  of  the  rate  of  production.  Now,  what 
is  the  result  of  all  this?  I  have  said  that 
there  are  forty-nine  straggling  against  every 
one  ;  and  it  amounts  to  this,  that  the  smallest] 
possible  start  given  to  any  one  seed  may  give 
it  an  advantage  which  will  enable  it  to  get 
ahead  of  all  the  others  ;  anything  thut  will 
enable  any  one  of  these  seeds  to  germinate 
six  hours  before  any  of  the  others  will,  other 
things  being  alike,  enable  it  to  choke  them 
nut  altogether.  I  have  shown  you  that  there 
is  no  particular  in  which  plants  will  not  vary 
from  each  other  ;  it  is  quite  possible  that  one 
of  our  imaginary  plants  may  vary  in  such  a 
character  as  the  thickness  of  the  integument 
of  its  seeds.  It  might  happen  that  one  of  the 
plants  might  produce  seeds  having  a  thinner 
integument,  and  that  would  enable  the  seed 
of  that  plant  to  germinate  a  little  quicker 
lhan  those  of  any  of  the  others,  mid  those 
seeds  would  most  inevitably  extiagui-h  I  he 
forty-nine  times  as  many  that  were  strugeling 
with  them. 
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I  have  put  it  in  this  way,  but  you  Bee  the 
practical  result  of  the  process  is  the  same  as 
if  some  person  had  nurtured  the  one  and  de- 
stroyed the  other  seeds.  It  does  not  matter 
how  the  variation  is  produced,  so  long  as  it  is 
once  allowed  to  occur.  The  variation  in  the 
plant  once  fairly  started  tends  to  become 
hereditary  and  reproduce  itself  ;  the  seeds 
would  spread  themselves  in  the  same  way  and 
take  part  in  the  struggle  with  the  forty-nine 
hundred,  or  forty-nine  thousand,  with  which 
they  might  be  exposed.  Thus,  by  degrees, 
this  variety,  with  some  slight  organic  change 
or  modification,  must  spread  Hsclf  over  the 
whole  surface  of  the  habitable  globe,  and  ex- 
tirpate or  replace  the  other  kinds.  That  is 
what  is  meant  by  Natural  Selection  ;  that  is 
the  kind  of  argument  by  which  it  is  perfectly 
demonstrable  that  the  conditions  of  exist- 
ence may  play  exactly  the  same  part  for  natu- 
ral varieties  as  man  does  for  domesticated 
varieties.  No  one  doubts  at  all  that  particular 
circumstances  may  be  more  favorable  for  one 
plant  and  less  so  for  another,  and  the  mo- 
ment you  admit  that  you  admit  the  selective 
power  of  nature.  Now,  although  I  have 
been  putting  a  hypothetical  case,  you  must 
not  suppose  that  I  have  been  reasoning  hypo- 
thetically.  There  are  plenty  of  direct  experi- 
ments which  bear  out  what  we  may  call  the 
theory  of  natural  selection  ;  there  is  extremely 
good  authority  for  the.  statement  that  if  you 
take  the  seed  of  mixed  varieties  of  wheat 
and  sow  it,  collecting  the  seed  next  year 
and  sowing  it  again,  at  length  you  will 
find  that  out  of  all  your  varieties  only 
two  or  three  have  lived,  or  perhaps  even 
only  one.  There  were  one  or  two  varieties 
which  were  best  fitted  to  get  on,  and  they 
have  killed  out  the  other  kinds  in  just  the 
same  way  and  with  just  the  same  certainty 
as  if  you  had  taken  the  trouble  to  remove 
them.  As  I  have  alreadjr  said,  the  operation 
of  nature  is  exactly  the  same  as  the  artificial 
operation  of  man. 

But  if  this  be  true  of  that  simple  case, 
which  1  put  before  you,  where  there  is  noth- 
ing but  the  rivalry  of  one  member  of  a  spe- 
cies with  others,  what  must  be  the  operation 
of  selective  conditions,  when  you  recollect  as 
a  matter  of  fact  that  for  every  species  of 
animal  or  plant  there  are  fifty  or  a  hundred 
species  which  might  all,  more  or  less,  be 
comprehended  in  the  same  climate,  food, 
and  station — that  every  plant  has  multitu- 
dinous animals  which  prey  upon  it,  and 
which  are  its  direct  opponents  ;  and  that 
these  have  other  animals  preying  upon  them 
— that  every  plant  has  its  indirect  helpers  in 
the  birds  that  scatter  abroad  its  seed,  aud  the 
animals  that  manure  it  with  their  dung  ;  I 
say,  when  these  things  are  considered,  it 
seems  impossible  that  any  variation  which 
may  arise  in  a  species  in  nature  should  not 
tend  in  someway  or  other  either  to  be  a  little 
better  or  worse  than  the  previous  stock  ;  if  it 
is  a  little  better  it  will  have  an  advantage  over 
and  tend  to  extirpate  the  latter  in  this  crush 
aud  struggle  ;  and  if  it  is  a  little  worse  it  will 
itself  be  extirpated. 
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I  know  nothing  that  more  appropriately  ex- 
presses this  than  the  phrase,  "  the  struggle 
for  existence;"  because  it  hi  ings  before  your 
minds,  in  a  vivid  sort  of  way,  some  of  the 
simplest  possible  circumstances  connected 
with  it.  When  a  struggle  is  intense  there 
must  be  some  who  are  sure  to  he  trodden 
down,  crushed,  and  overpowered  by  otheis  ; 
and  there  will  be  some  who  just  manage  to 
get  through  only  by  the  help  of  the  slightest 
accident.  1  recollect  reading  an  account  of 
the  famous  retreat  of  the  French  troops, 
under  Napoleon,  from  Moscow.  Worn  out, 
tired,  and  dejected,  they  at  length  came  to  a 
great  river  over  which  there  was  but  one 
bridge  fur  the  passage  of  the  vast  army.  Dis- 
organized and  demoralized  as  it  was,  the 
struggle  must  certainly  have  been  a  terrible 
one — every  one  heeding  only  himself,  and 
crushing  through  and  treading  down  his  fel- 
lows. The  writer  of  the  narrative,  who  was 
himself  one  of  those  who  were  fortunate 
enough  to  succeed  in  getting  over,  and  not 
among  the  thousands  who  were  left  behind 
or  forced  into  the  river,  ascribed  his  escape 
to  the  fact  that  he  saw  striding  onward 
through  the  mass  a  great  strong  fellow — one 
of  the  French  cuirassiers  who  had  on  a  large 
blue  cloak — and  be  had  enough  presence  of 
mind  to  catch  and  retain  a  hold  of  this  strong 
man's  cloak.  He  says,  "  1  caught  hold  of  his 
cloak,  and  although  he  swore  at  me  and  cut 
at  and  struck  me  by  turns,  and  at  last,  when 
he  found  he  could  not  shake  me  off,  fell  to 
entreating  me  to  leave  go  or  I  should  prevent 
him  from  escaping,  besides  not  assisting  my- 
self,  I  still  kept  tight  hold  of  him,  and 
would  not  quit  my  grasp  until  he  had  at  last 
dragged  me  through."  Here  you  see  was  a 
case  of  selective  saving — if  we  may  so  term 
it— depending  for  its  success  on  the  strength 
of  the  cloth  of  the  cuirassier's  cloak.  It  is 
the  same  in  nature  ;  every  species  has  its 
Beresina  ;  it  has  to  fight  its  way  through  and 
struggle  with  other  species  ;  and  when  well- 
nigh  overpowered,  it  may  be  that  the  small- 
est chance,  something  in  its  color,  perhaps — 
the  minutest  circumstance — will  turn  the 
scale  one  way  or  the  other. 

Suppose  that  by  a  variation  of  the  black 
race  it  had  produced  the  white  man  at  any 
time— you  know  that  the  negroes  are  said  to 
believe  this  to  have  been  the  case,  and  to 
imagine  that  Cain  was  the  first  white  man, 
and  that  we  are  his  descendants — suppose 
that  this  had  ever  happened,  and  that  the  first 
residence  of  this  human  being  was  on  the 
west  coast  of  Africa.  There  is  no  great 
structural  difference  between  the  white  man 
and  the  negro,  and  yet  there  is  something  so 
singularly  different  in  the  constitution  of  the 
two,  that  the  malarias  of  that  country, 
which  do  not  hurt  the  black  at  all,  cutoff  and 
destroy  the  white,  thus  you  see  there  would 
have  been  a  selective  operation  performed. 
If  the  white  man  had  risen  in  that  way  he 
would  have  been  selected  out  and  removed 
by  means  of  the  malaria.  Now  there  really 
is  a  very  curious  case  of  selection  of  this  soit 


color  too.  In  the  woods  ov  Florida  there  are 
a  great  many  pigs,  and  it  is  a  very  curiou* 
thing  that  they  are  all  black,  every  one  of 
them.  Professor  Wymaii  was  there  some 
years  ago,  and  011  noticing  no  pigs  but  these 
black  ones,  he  asked  some  of  the  people  haw 
it  was  that  they  had  no  white  pigs,  and  the 
reply  was  that  in  the  woods  of  Florida  there 
was  a  root  which  they  called  the  paint  root, 
and  that  if  the  white  pigs  were  to  eat  any  of 
it,  it  had  the  effect  of  making  their  hoofs 
crack,  and  they  died  ;  but  if  the  black  pigs 
eat  any  of  it,  it  did  not  hurt  them  at  all.  Here 
was  a  very  simple  case  of  natural  selection. 
A  skilful  breeder  could  not  more  carefully 
develop  the  black  breed  of  pigs,  and  weed 
out  all  the  white  pigs,  than  the  paint  root 
does. 

To  show  you  how  remarkably  indirect  maj 
be  such  natural  selective  agencies  as  I  havt 
referred  to,  I  will  conclude  by  noticing  a 
case  mentioned  by  Mr.  Darwin,  and  which 
is  certainly  one  of  the  most  curious  of  its 
kind.  It  is  that  ot  the  humble  bee.  It  has 
been  noticed  that  there  are  a  great  many 
more  humble  bees  in  the  neighborhood  ol 
towns  than  out  in  the  open  country,  and 
the  explanation  of  the  matter  is  this :  the 
humble  bees  build  nests  in  which  they  store 
their  honey  and  deposit  the  larvae  and 
eggs.  The  field  mice  are  amazingly 
fond  of  the  honey  and  larvae  ;  therefore, 
wherever  there  are  plenty  of  field  mice,  as  in 
the  country,  the  humble  bees  are  kept  down  ; 
but  in  the  neighborhood  of  towns,  the  uum 
her  of  cats  which  prowl  about  the  fields  eat 
up  the  field  mice,  and  of  course  the  more 
mice  they  eat  up  the  less  there  are  to  prey  upon 
the  larvae  of  the  bees— the  cats  are  therefore 
the  indirect  Jielpers  of  the  bees.*  Coming 
back  a  step  farther,  we  may  say  that  the  old 
maids  are  also  indirect  friends  of  the  humble 
bees,  and  indirect  enemies  of  the  field  mice, 
as  they  keep  the  cats  which  eat  up  the  latter,! 
This  is  an  illustration  somewhat  beneath  the 
dignity  of  the  subject,  perhaps,  but  it  oc- 
curs to  me  in  passing,  and  with  ill  will  con- 
clude this  lecture. 

LECTURE  VL 

A  CRITICAL  EXAMINATION  OF  THE  POSITION 
OP  MB.  DARWIN'S  WORK,  "ON  THE  ORIGIK 
OF  SPECIES,"  IN  RELATION  TO  THE  COM- 
PLETE THEORY  OF  THE  CAUSES  OF  THE* 
PHENOMENA  OF  ORGANIC  NATURE. 

IN  the  preceding  five  lectures  1  have  en 
deavored  to  give  you  an  account  of  those 
facts,  and  of  those  reasonings  from  facts, 
which  form  the  data  upon  which  all  theories 
regarding  the  causes  of  the  phenomena  of 
organic  nature  must  be  based.  And,  al- 
though 1  have  had  frequent  occasion  to 
quote  Mr.  Darwin — as  all  persons  hereafter, 


*  The  humble  bees,  on  the  other  hand,  are  direct 
helpers  «f  some  plants,  such  as  the  heartsease  and  red 
clover,  which  are  fertilized  by  the  visits  of  the  bees  ; 
and  they  are  indirect  helpers  of  the  numerous  insects 
wnich  are  more  or  less  completely  supported  by  the 
among  pigs,  and  it  is  a  c.ise  of  selection  of  _he;irt8ease  and  red  clover. 
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in  speaking  upon  these  subjects,  will  have 
occasion  to  quote  his  famous  book  on  the 
"Origin  of  Species"— you  must  yet  remem- 
ber that,  wherever  I  have  quoted  him,  it  has 
not  been  upon  theoretical  points,  or  for  state- 
ments in  any  way  connected  with  his  partic- 
ular speculations,  but  on  matters  of  fact, 
brought  forward  by  himself,  or  collected  by 
himself,  and  which  appear  incidentally  in 
his  book.  If  a  man  witt  make  a  book,  pro- 
fessing to  discuss  a  single  question,  an  ency- 
clopaedia, 1  cannot  help  it. 

Now,  having  had  an  opportunity  of  con- 
sidering in  this  sort  of  way  the  different 
statements  bearing  upon  all  theories  whatso- 
ever, 1  have  to-night  to  lay  before  you,  as 
fairly  as  1  can,  what  is  Mr.  Darwin's  view  of 
the  matter  and  what  position  his  theories 
hold,  when  judged  by  the  principles  which  I 
have  previously  laid  down  as  deciding  our 
judgments  upon  all  theories  and  hypotheses. 

1  have  already  stated  to  you  that  the  inquiry 
respecting  the  causes  of  the  phenomena  of 
organic  nature  resolves  itself  into  two  prob- 
lems, the  first  being  the  question  of  the  origi- 
nation of  living  or  organic  beings,  aud  the 
second  being  the  totally  distinct  problem  of 
the  modification  and  perpetuation  of  organic 
beings  when  they  have  already  come  into 
existence.  The  first  question  Mr.  Darwin 
does  not  touch  ;  he  does  not  deal  with  it  at 
all ;  but  he  says — given  the  origin  of  organic 
matter — supposing  its  creation  to  havealreay 
laken  place,  my  object  is  to  show  in  conse- 
quence of  what  laws  and  what  demonstrable 
properties  of  organic  matter,  and  of  its  en- 
vironments, such  states  of  organic  nature  as 
those  with  which  we  are  acquainted  must 
have  come  about.  This,  you  will  observe, 
is  a  perfectly  legitimate  proposition  ;  every 
person  has  a  right  to  define  the  limits  of  the 
inquiry  which  he  sets  before  himself ;  and 
yet  it  is  a  most  singular  thing  that  in  all  the 
multifarious  and  not  unfrequently  ignorant 
attacks  which  have  been  made  upon  the 
"  Origin  of  Species,"  there  is  nothing  which 
has  been  more  speciously  criticised  than  this 
particular  limitation.  If  people  have  nothing 
else  to  urge  against  the  book,  they  say, 
"  Well,  after  all,  you  see  Mr.  Darwin's  ex- 
planation of  the  '  Origin  of  Species  '  is  not 
good  for  much,  because,  in  the  long  run,  he 
admits  that  he  does  not  know  how  organic 
matter  began  to  exist.  But  if  you  admit  any 
special  creation  for  the  first  particle  of  or- 
ganic matter,  you  may  just  as  well  admit  it 
for  all  the  rest  ;  five  hundred  or  five  thousand 
distinct  creations  are  just  as  intelligible,  and 
just  as  little  difficult  to  understand,  as  one." 
The  answer  to  these  cavils  is  twofold.  In 
the  first  place,  all  human  inquiry  must  stop 
somewhere  ;  all  our  knowledge  and  all  our 
investigation  cannot  take  us  beyond  the 
limits  set  by  the  finite  and  restricted  charac- 
ter of  our  faculties,  or  destroy  the  endless  un- 
known, which  accompanies,  like  its  shadow, 
the  endless  procession  of  phenomena.  So 
far  as  I  can  venture  to  offer  an  opinion  on 
•uch  a  matter,  the  purpose  of  our  being  in  ex- 
istence, the  highest  object  that  human  beings 


can  set  before  themselves,  is  not  the  pursuit 
of  any  such  chimera  as  the  annihilation  of  the 
unknown  ;  but  it  is  simply  the  unwearied 
endeavor  to  remove  its  boundaries  a  little 
farther  from  our  little  sphere  of  action. 

I  wonder  if  any  historian  would  for  a  mo- 
ment admit  the  objection  that  it  is  prepos- 
terous to  trouble  ourselves  about  the  history 
of  the  Roman  Empire  because  we  do  not 
know  anything  positive  about  the  origin  and 
first  building  of  the  city  of  Rome  !  Would 
it  be  a  fair  objection  to  urge  respecting  the 
sublime  discoveries  of  a  Newton,  or  a  Kep- 
ler, those  great  philosophers  whose  discov- 
eries have  been  of  the  profoundest  benefit  and 
service  to  all  men— to  say  to  them — "After 
all  that  you  have  told  us  as  to  how  the 
planets  revolve,  and  how  they  are  maintained 
in  their  orbits,  you  cannot  tell  us  what  is  the 
cause  of  the  origin  of  the  sun,  moon,  and 
stars.  So  what  is  the  use  of  what  you  have 
done?"  Yet  these  objections  would  not  be 
one  whit  more  preposterous  than  the  objec- 
tions which  have  been  made  to  the  "  Origin 
of  Species."  Mr.  Darwin,  then,  had  a  per- 
fect right  to  limit  his  inquiry  as  he  pleased, 
and  the  only  question  for  us— the  inquiry 
being  so  limited — is  to  ascertain  whether  the 
method  of  his  inquiry  is  sound  or  unsound  ; 
whether  he  has  obeyed  the  canons  which 
must  guide  and  govern  all  investigation,  or 
whether  he  has  broken  them  ;  and  it  was  be- 
cause our  inquiry  this  evening  is  essentially 
limited  to  that  question  that  1  spent  a  goo<\ 
deal  of  time  in  a  ioimer  lecture  (which,  per- 
haps, some  of  you  thought  might  have  been 
better  employed)  in  endeavoring  to  illustrate 
the  method  and  nature  of  scientific  inquiry  in 
general.  We  shall  now  have  to  put  in  prac- 
tice the  principles  that  1  then  laid  down. 

1  stated  to  you  in  substance,  if  not  in 
words,  that  wherever  there  are  complex 
masess  of  phenomena  to  be  inquired  into, 
whether  they  be  phenomena  of  the  affairs  of 
daily  life,  or  whether  they  belong  to  the  more 
abstruse  and  difficult  problems  laid  before  the 
philosopher,  our  course  of  proceeding  in  un- 
ravelling that  complex  chain  of  phenomena 
with  a  view  to  get  at  its  cause  is  always  the 
same  ;  in  all  cases  we  must  invent  a  hypothe- 
sis ;  we  mu»t  place  before  ourselves  some 
more  or  less  likely  supposition  respecting 
that  cause  ;  and  then,  having  assumed  a  hy- 
pothesis, having  supposed  a  cause  for  the 
phenomena  in  question,  we  must  endeavor, 
on  the  one  hand,  to  demonstrate  our  hy- 
pothesis, or,  on  the  other,  to  upset  and  reject 
it  altogether,  by  testing  it  in  three  ways.  We 
must,  in  the  first  place,  be  prepared  to  prove 
that  the  supposed  causes  of  the  phenomena 
exist  in  nature  ;  that  they  are  what  the  logi- 
cians call  vera  causa — true  causes  ;  in  the 
next  place,  we  should  be  prepared  to  show 
that  the  assumed  causes  of  the  phenomena 
are  competent  to  produce  such  phenomena  as 
those  which  we  wish  to  explain  by  them  ; 
and,  in  the  last  place,  we  ought  to  lie  able  to 
show  that  no  other  known  causes  are  compe- 
tent to  produce  these  phenomena.  If  we  can 
succeed  in  satisfying  these  three  conditions, 
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we  shall  have  demonstrated  our  hypothesis ; 
or  rather,  I  ought  to  say,  we  shall  have 
proved  it  as  far  as  certainty  is  possible  for 
us  ;  for,  after  all,  there  is  no  one  of  our  surest 
convictions  which  may  not  be  upset,  or  at 
any  rate  modified,  by  a  further  accession  of 
knowledge.  It  was  because  it  satisfied 
these  conditions  that  we  accepted  the  hypoth- 
esis as  to  the  disappearance  of  the  tea-pot 
and  spoons  in  the  case  I  supposed  in  a  pre- 
vious lecture  ;  we  found  that  our  hypothesis 
on  that  subject  was  tenable  and  valid,  be- 
cause the  supposed  cause  existed  in  nature, 
because  it  was  competent  to  account  for  the 
phenomena,  and  because  no  other  known 
cause  was  competent  to  account  for  them  ; 
and  it  is  upon  similar  grounds  that  any  hy- 
pothesis you  choose  to  name  is  accepted  in 
science  as  tenable  and  valid. 

What  is  Mr.  Darwin's  hypothesis  ?  As  1 
apprehend  it— for  1  have  put  it  into  a  shape 
more  convenient  for  common  purposes  that  1 
could  find  verbatim  in  his  book — as  1  appre- 
hend it,  1  say,  it  is,  that  all  the  phenomena  of 
organic  nature,  past  and  present,  result 
from,  or  are  caused  by,  the  inter-action  of 
those  properties  of  organic  matter  which  we 
have  called  Atavism  and  Variability.with  the 
Conditions  of  Existence  ;  or,  iu  other  words 
— given  the  existence  of  organic  matter,  its 
tendency  to  transmit  its  properties,  and  its 
tendency  occasionally  to  vary  ;  and,  lastly, 
given  the  conditions  of  existence  by  which 
organic  matter  is  surrounded — that  these  put 
together  are  the  causes  of  the  present  and  of 
the  past  conditions  of  Organic  Nature. 

Such  is  the  hypothesis  as  1  understand  it. 
Now  let  us  see  how  it  will  stand  the  various 
tests  which  1  laid  down  just  now.  In  the 
first  place,  do  these  supposed  causes  of  the 
phenomena  exist  in  nature  ?  Is  it  the  fact 
that  in  nature  these  properties  of  organic 
matter — atavism  and  variability — and  those 
phenomena  which  we  have  called  the  condi- 
tions of  existence — is  it  true  that  they  exist  ? 
Well,  of  course,  if  they  do  not  exist,  all  that 
1  have  told  you  in  the  last  three  or  four  lec- 
tures must  be  incorrect,  because  1  have  been, 
attempting  to  prove  that  they  do  exist,  and  I 
take  it  that  there  is  abundant  evidence  that 
they  do  exist  ;  so  far,  therefore,  the  hypothe- 
sis d.->es  not  break  down. 

But  in  the  next  place  comes  a  much  more 
difficult  inquiry  :  Are  the  causes  indicated 
competent  to  give  rise  to  the  phenomena  of 
organic  nature  ?  1  suspect  that  this  is  indubi- 
table to  a  certain  extent.  It  is  demonstrable, 
1  think,  as  I  have  endeavored  to  show  you, 
that  they  are  perfectly  competent  to  give  rise 
to  all  the  phenomena  which  are  exhibited  by 
races  in  nature.  Furthermore,  1  believe  that 
they  are  quite  competent  to  account  for  all 
that  we  may  call  purely  structural  phe- 
nomena which  are  exhibited  by  species  in  na- 
ture. On  that  point  also  1  have  already  en- 
larged somewhat.  Again,  I  think  that  the 
causes  assumed  are  competent  to  account 
tor  most  of  the  physiological  characteristics 
of  species,  and  I  not  only  think  that 
they  are  competent  to  account  for  them, 
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but  I  think  that  they  account  for  many 
things  which  otherwise  remain  wholly 
unaccountable  and  inexplicable,  and  1  may 
say  incomprehensible.  For  a  full  exposi- 
tion of  the  grounds  on  which  this  con- 
viction is  based,  1  must  refer  you  to  Mr.  Dar- 
win's  work  ;  all  that  1  can  do  now  is  to  illus- 
trate what  1  have  said  by  two  or  three  cases 
taken  almost  at  random. 

I  drew  your  attention,  on  a  previous  even- 
ing, to  the  facts  which  are  embodied  in  our 
systems  of  classification,  which  are  the  re 
suits  of  the  examination  and  comparison  ot 
the  different  members  of  the  animal  kingdom 
one  with  another.  1  mentioned  that  the 
whole  of  the  animal  kingdom  is  divisible  into 
five  sub-kingdoms  ;  that  each  of  these  sub- 
kingdoms  is  again  divisible  into  provinces  ; 
that  each  province  may  be  divided  into 
classes,  and  the  classes  into  the  successively 
smaller  groups,  orders,  families,  genera,  and 
species. 

Now,  in  each  of  these  groups,  the  resem- 
blance in  structure  among  the  members  of  the 
group  is  closer  in  proportion  as  the  group  is 
smaller.  Thus,  a  man  and  a  worm  are  mem- 
bers of  the  animal  kingdom  in  virtue  of  cer. 
tain  apparently  slight  though  really  funda- 
mental resemblances  which  they  present. 
But  a  man  and  a  fish  are  members  of  tht 
same  sub-kingdom  Vertebrata,  because  they 
are  much  more  like  one  another  than  either 
of  them  is  to  a  worm,  or  a  snail,  or  any 
member  of  the  other  sub-kingdoms.  For 
similar  reasons  men  and  horses  are  arranged 
as  members  of  the  same  class,  Mammalia ; 
men  and  apes  as  members  of  the  same  order, 
Pinmales ;  and  if  there  were  any  animals 
more  like  men  than  they  were  like  any  of 
the  apes,  and  yet  different  from  men  in  im- 
portant and  constant  particulars  of  their  or- 
ganization, we  shouM  rank  them  as  members 
of  the  same  family,  or  of  the  same  genus,  but 
as  of  distinct  species. 

That  it  is  possible  to  arrange  all  the  varied 
forms  of  animals  into  groups,  having  this 
sort  of  singular  subordination  one  to  the 
other,  is  a  very  remarkable  circumstance  ; 
but,  as  Mr.  Darwin  remarks,  this  is  a  result 
which  is  quite  to  be  expected,  if  the  principles 
which  he  lays  down  be  correct.  Take  the 
case  of  the  races  which  are  known  to  be  pro- 
duced  by  the  operation  of  atavism  and  varia- 
bility, and  the  conditions  of  existence  which 
check  and  modify  these  tendencies.  Take  the 
case  of  the  pigeons  that  I  brought  before 
you  ;  there  it  was  shown  that  they  might  be 
all  classed  as  belonging  to  some  one  of  five 
principal  divisions,  and  that  within  these  di- 
visions other  subordinate  groups  might  be 
formed.  The  members  of  these  groups  are 
related  to  one  another  in  just  the  same  way 
as  the  genera  of  a  family,  and  the  groups 
themselves  as  the  families  of  an  order,  or  the 
orders  of  a  class,  while  all  have  the  same 
sort  of  structural  relations  with  the  wild 
rock  pigeon,  as  the  members  of  any  great 
uatural  group  have  with  a  real  or  imaginary 
typical  form.  Now  we  know  that  all  varie- 
ties of  pigeons  of  every  kind  have  arisen  by  9 
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process  of  selective  breeding  from  a  com- 
raon  stock,  the  rock  pigeon  ;  hence  you  see 
that  if  all  species  of  animals  have  proceeded 
from  some  common  stock,  the  general  char- 
acter of  their  structural  relations,  and  of 
our  systems  of  classification,  which  express 
those  relations,  would  be  just  what  we  find 
them  to  be.  In  other  words,  the  hypothetical 
cause  is,  so  far,  competent  to  produce  effects 
similar  to  those  of  the  real  cause. 

Take,  again,  another  set  of  very  remarka- 
ble facts  ;  the  existence  of  what  are  called 
rudimentary  organs,  organs  for  which  we 
rind  no  obvious  use  in  the  particular  animal 
economy  in  which  they  are  found,  and  yet 
which  are  there. 

Such  are  the  splint-like  bones  in  the  leg  of 
the  horse,  which  1  here  show  you,  and  which 
correspond  with  bones  which  belong  to  cer- 
tain toes  and  fingers  in  the  human  hand  and 
foot.  In  the  horse  you  see  they  are  quite 
rudimentary,  and  bear  neither  toes  nor 
finsrers  ;  so  that  the  horse  has  only  one 
"  finger"  in  his  fore-foot  and  one  "  toe"  in  his 
hind'fpot.  But  it  is  a  very  curious  thing  that 
the  animals  closely  allied  to  the  horse  show 
more  toes  than  he,  as  tLe  rhinoceros,  for 
instance ;  he  has  these  extra  toes  well 
formed,  and  anatomical  facts  show  very 
clearly  that  he  is  very  closely  related  to  the 
horse  indeed.  So  we  may  say  that  animals, 
in  an  anatomical  sense  nearly  related  to  the 
horse,  have  those  parts  which  are  rudimen- 
tary in  him  fully  developed. 

Again,  the  sheep  and  the  cow  have  no  cut- 
ting-teeth, but  only  a  hard  pad  in  the  upper 
jaw.  That  is  the  "common  characteristic  of 
ruminants  in  general.  But  the  calf  has  in  its 
upper  jaw  some  rudiments  of  teeth  which 
>ever  are  developed,  and  never  play  the  part 
1  teeth  at  all.  Well,  if  you  go  back  in  time, 
you  find  some  of  the  older,  now  extinct, 
allies  of  the  ruminants  have  well-developed 
teeth  in  their  upper  jaws  ;  and  at  the  present 
day  the  pig  (which  is  in  structure  closely 
connected  with  ruminants)  has  well-developed 
teeth  in  its  upper  jaws ;  so  that  here  is 
Another  instance  of  organs  well  developed 
and  very  useful,  in  one  animal,  represented 
by  rudimentary  organs,  for  which  we  can 
discover  no  purpose  whatsoever,  in  another 
closely  allied  animal.  The  whalebone 
whale,  again,  has  horny  "  whalebone"  plates 
in  its  mouth,  and  no  teeth  ;  but  the  young 
foetal  whale,  before  it  is  born,  has  teeth  in  its 
jaws  ;  they,  however,  are  never  used,  and 
they  never  come  to  anything.  But  other 
members  of  the  group  to  which  the  whale 
belongs  have  well-developed  teeth  in  both 
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Upon  any  hypothesis  of  special  creation, 
facts  of  this  kind  appear  to  me  to  be  entirely 
unaccountable  and  inexplicable,  but  they 
cease  to  be  so  if  you  accept  Mr.  Darwin's 
hypothesis,  and  see  reason  for  believing  that 
the  whalebone  whale  and  the  whale  with 
teeth  in  its  mouth  both  sprang  from  a  whale 
that  had  teeth,  and  that  the  teeth  of  the  fcetal 
whale  are  merely  remnants — recollections,  if 
we  way  so  say— of  the  extiuct  whale,  ftv  in 


bhe  case  of  the  horse  and  the  rhinoceros; 
suppose  that  both  have  descended  by  modi- 
fication from  some  earlier  form  which  had  the 
normal  number  of  toes,  and  the  persistence 
of  the  rudimentary  bones  which  no  longer 
support  toes  in  the  horse  becomes  compre- 
hensible. 

In  the  language  that  we  speak  in  England, 
and  in  the  language  of  the  Greeks,  there  are 
identical  verbal  roots,  or  elements,  entering 
into  the  composition  of  words.  The  fact  re- 
mains unintelligible  so  long  as  we  suppose 
English  and  Greek  to  be  independently  cre- 
ated tongues  ;  but  when  it  is  shown  that 
both  languages  are  descended  from  one  origi- 
nal, the  Sanscrit,  we  give  an  explanation  of 
that  resemblance.  In  the  same  way  the  ex- 
istence of  identical  structural  roots,  if  I  may 
so  term  them,  entering  into  the  composition 
of  widely  different  animals,  is  striking  evi- 
dence in  favor  of  the  descent  of  those  ani- 
mals from  a  common  original. 

To  turn  to  another  kind  of  illustration  : 
If  you  regard  the  whole  series  of  stratified 
rocks — that  enormous  thickness  of  sixty  or 
seventy  thousand  feet  that  I  have  mentioned 
before,  constituting  the  only  record  we  have 
of  a  most  prodigious  lapse  of  time,  that  time 
being,  in  all  probability,  but  a  fiaetion  of 
that  of  which  we  have  no  record — if  you 
observe  in  these  successive  strata  of  rocks 
successive  groups  of  animals  arising  and  dy- 
ing out,  a  constant  succession,  giving  you  the 
same  kind"  of  impression,  as  you  travel  from 
one  group  of  strata  to  another,  as  you  would 
have  in  travelling  from  one  country  to 
another  ;  when  you  find  this  constant  suc- 
cession of  forms,  their  traces  obliterated  ex- 
cept to  the  man  of  science — when  you  look 
at  this  wonderful  history,  and  ask  what  it 
means,  it  is  only  a  paltering  with  words  if 
you  are  offered  the  reply,  "They  were  so 
created." 

But  if,  on  the  other  hand,  you  look  on  all 
forms  of  organized  beings  as  the  results  ol 
the  gradual  modification  of  a  primitive  type, 
the  facts  receive  a  meaning,  and  you  see 
that  these  older  conditions  are  the  necessary 
predecessors  of  the  present.  Viewed  in  this 
light,  the  facts  of  palaeontology  receive  a 
meaning  ;  upon  any  other  hypothesis  I  am 
unable  to  see,  in  the  slightest  degree,  what 
knowledge  or  signification  we  are  to  draw 
out  of  them.  Again  note,  as  bearing  upon 
the  same  point,  the  singular  likeness  which 
obtains  between  the  successive  faunae  and 
florae,  whose  remains  are  preserved  on  the 
rocks  :  you  never  find  any  great  and  enor- 
mous difference  between  the  immediately 
successive  faunae  and  florae  unless  you  have 
reason  to  believe  there  has  also  been  a  great 
lapse  of  time  or  a  great  change  of  condi- 
tions. The  animals,  for  instance,  of  the 
newest  tertiary  rocks,  in  any  part  of  the 
world,  are  always,  and  without  exception, 
found  to  be  closely  allied  with  those  which 
now  live  in  that  part  of  the  world.  For  ex- 
ample, in  Europe,  Asia,  and  Africa  the  large 
mammals  are  at  present  rhinoceroses,  hip- 
popotamuses, elephants,  lions,  tigers,  oxen, 
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horses,  etc.  ;  and  if  you  examine  the  neweat 
tertiary  deposits,  which  contain  the  animals 
and  plants  which  immediately  preceded  those 
which  now  exist  in  the  same  country,  you  do 
not  find  gigantic  specimens  of  ant  eaters  and 
kangaroos,  but  you  find  rhinoceroses,  ele- 
phants, lions,  tigers,  etc.,  of  different  species 
to  those  now  living,  but  still  their  close  allies. 
If  you  turn  to  South  America,  where,  at  the 
present  day,  we  have  great  sloths  and  arma- 
dilloes  and  creatures  of  that  kind,  what  do 
you  find  in  the  newest  tertiaries  ?  You  find 
the  great  sloth -like  creature,  the  Megatherium, 
and  the  great  armadillo,  the  Glyptodon,  and 
so  on.  And  if  you  go  to  Australia  you  find 
the  same  law  holds  good,  namely,  that  that 
condition  of  organic  nature  which  has  pre- 
ceded the  one  which  now  exists  presents 
differences,  perhaps,  of  species.and  of  genera, 
but  that  the  great  types  of  organic  structure 
are  ihe  same  as  those  which  now  flourish. 

What  meaning  has  this  fact  upon  any 
other  hypothesis  or  supposition  than  one  of 
successive  modification  ?  But  if  the  popula- 
tion of  the  world,  in  any  age,  is  the  lesult  of 
the  gradual  modification  of  the  forms  which 
peopled  it  in  the  preceding  age — if  that  has 
been  the  case,  it  is  intelligible  enough  ;  be- 
cause we  may  expect  that  the  creature  that 
results  from  the  modification  of  an  elephan- 
tine mammal  shall  be  something  like  an  ele- 
phant, and  the  creature  which  is  produced 
by  the  modification  of  an  armadillo-like 
mammal  shall  be  like  an  armadillo.  Upon 
that  supposition,  Isay,  the  facts  are  intelligi- 
ble ;  upon  any  other,  that  1  am  aware  of, 
they  are  not. 

Bo  far,  the  facts  of  palaeontology  are  con- 
sistent with  almost  any  form  of  the  doctrme 
of  progressive  modification  ;  they  would  not 
be  absolutely  inconsistent  with  the  wild  spec- 
ulations of  De  Maillet.  or  with  the  less  objec- 
tionable hypothesis  of  Lamarck.  But  Mr. 
Darwin's  views  have  one  peculiar  merit,  and 
that  is,  that  they  are  perfectly  consistent  with 
an  array  of  facts  which  are  utterly  inconsist- 
ent with  an>"5  fatal  to  any  other  hypothesis 
of  progressive  modification  which  has  yet 
been  advanced.  It  is  one  remarkable  peculi- 
arity of  Mr.  Darwin's  hypothesis  that  it  in- 
volves no  necessary  progression  or  incessant 
modification,  and  that  it  is  perfectly  consist- 
ent with  the  persistence  for  any  length  of 
time  of  a  given  primitive  stock,  contempora- 
neously with  its  modifications.  To  return  to 
the  case  of  the  domestic  breeds  of  pigeons, 
for  example  ;  you  have  the  dove-cot  pigeon, 
which  closely  resembles  the  rock  pigeon, 
from  which  they  all  started,  existing  at  the 
tame  time  with  the  others.  And  if  species 
are  developed  in  the  same  way  in  aature,  a 
primitive  stock  and  its  modifications  may  oc- 
casionally all  find  the  conditions  fitted  for 
their  existence  ;  and  though  they  come  into 
t^mpetition,  to  a  certain  extent,  with  one 
unother,  the  derivative  species  may  not  neees- 
rarily  extirpate  the  primitive  one,  or  vice 
versa. 

Now  palaeontology  shows  us  many  facts 
which  are  perfectly  harmonious  with  these 
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observed  effects  of  the  process  by  which  Mr. 
Darwin  supposes  species  to  have  originated, 
but  which  appear  to  me  to  be  totally  incon- 
sistent with  any  other  hypothesis  which  has 
been  proposed.  There  are  some  groups  of 
animals  and  plants  in  the  fossil  world  which 
have  been  said  to  belong  to  "persistent 
types,"  because  they  have  persisted,  witl- 
very  little  change  indeed,  through  a  veif 
great  range  of  time,  while  everything  abou 
them  has  changed  largely.  There  are  fami 
lies  of  fishes  whose  type  of  construction  hns 
persisted  all  the  way  from  the  carboniferous 
rock  right  up  to  the  cretaceous  ;  and  ethers 
which  have  lasted  through  almost  the  whole 
range  of  the  secondary  rocks,  and  from  the 
lias  to  the  older  tertiaries.  It  is  something 
stupendous  this — to  consider  a  genus  lasting 
without  essential  modifications  through  all 
this  enormous  lapse  of  time  while  almost 
everything  else  was  changed  and  modified. 

Thus  1  have  no  doubt  that  Mr.  Darwin's 
hypothesis  will  be  found  competent  to  ex- 
plain the  majority  of  the  phenomena  ex- 
hibited by  species  in  nature  ;  but  in  an  earlier 
lecture  I  spoke  cautiously  with  respect  to  its 
power  of  explaining  all  the  physiological  pe- 
culiarities of  species. 

There  is,  in  fact,  one  set  of  these  peculiari- 
ties which  the  theory  of  selective  modifica- 
tion, as  it  stands  at  present,  is  not  wholly 
competent  to  explain,  and  that  is  the  group 
of  phenomena  which  I  mentioned  to  you 
under  the  name  of  Hybiidism,  and  which  1 
explained  to  consist  in  the  sterility  ot  the 
offspring  of  certain  species  when  crossed  one 
with  another.  It  matters  no*  jne  whit 
whether  this  sterility  is  universi ..  or  whether 
it  exists  only  in  a  single  case.  Every  hy- 
pothesis is  bound  to  explain,  or,  at  any  rate, 
not  be  inconsistent  with,  the  whole  of  the 
facts  which  it  professes  to  account  for  ;  and  if 
there  is  a  single  one  of  these  facts  which  can 
be  shown  to  be  inconsistent  with  (1  do  not 
merely  mean  inexplicable  by,  but  contrary 
to)  the  hypothesis,  the  hypothesis  falls  to  the 
ground  ;  it  is  worth  nothing.  One  fact  with 
which  it  is  positively  inconsistent  is  worth 
as  much,  and  as  powerful  in  negativing  the 
hypothesis,  as  five  hundred.  If  I  am  right 
in  thus  defining  the  obligations  ot  a  hy- 
pothesis, Mr.  Darwin,  in  oider  to  place  his 
views  beyond  the  reach  of  all  possible  as- 
sault, ought  to  be  able  to  demonstrate  the 
possibility  of  developing  from  a  particular 
stock  by  selective  breeding  two  forms,  which 
should  either  be  unable  to  cross  one  with 
another,  or  whose  cross-bred  offspring  should 
be  infertile  with  one  another. 

For,  you  see,  if  you  have  not  done  that  you 
have  not  strictly  fulfilled  all  the  conditions 
of  the  problem  ;  you  have  not  shown  that 
you  can  produce,  by  the  cause  assumed,  all 
the  phenomena  which  you  have  in  nature. 
Here  are  the  phenomena  of  hybridism 
staring  you  in  the  face,  and  you  cannot  say, 
4  lean,  by  selective  modification,  produce 
these  same  results  "  Now  it  is  admitted  on 
all  hands  that,  at  present,  so  far  as  experi- 
ments have  gone,  it  has  not  been  found  pos« 
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eible  to  produce  this  complete  physiological 
divergence  by  selective  breeding.  1  stated 
this  very  clearly  before,  and  1  now  refer  to 
the  point,  because,  if  it  could  be  proved,  not 
only  that  this  has  not  been  done,  but  that  it 
cannot  be  done  ;  if  it  could  be  demonstrated 
that  it  is  impossible  to  breed  selectively,  from 
any  stock,  a  form  which  shall  not  breed 
with  another,  produced  from  the  same  stock  ; 
and  if  we  were  shown  that  this  must  be  the 
necessary  and  inevitable  result  of  all  experi- 
ments, 1  hold  that  Mr.  Darwin's  hypothesis 
would  be  utterly  shattered. 

But  has  this  been  done  ?  or  what  is  really 
the  state  of  the  case  ?  It  is  simply  that,  so 
far  as  we  have  gone  yet  with  our  breeding, 
we  have  not  produced  from  a  co  inon  stock 
two  breeds  which  are  not  more  or  less  fertile 
with  one  another. 

1  do  not  know  that  there  is  a  single  fact 
which  would  justify  any  one  in  saying  that 
any  degree  of  sterility  has  been  observed  be- 
tween breeds  absolutely  known  to  have  been 
produced  by  selective  breeding  from  a  com- 
mon stock.  On  the  other  hand,  I  do  not 
know  that  there  is  a  single  fact  which  can 
justify  anyone  in  asserting  that  such  sterility 
cannot  be  produced  by  proper  experimenta- 
tion. For  my  own  part,  1  see  every  reason  to 
believe  that  it  may,  and  will  be  so  produced. 
For,  as  Mr.  Darwin  has  very  properly  urged, 
when  we  consider  the  phenomena  of  sterility 
we  find  they  are  most  capricious  ;  we  do  not 
know  what  it  is  that  the  sterility  depends  on. 
There  are  some  animals  which  will  not  breed 
in  captivity  ;  whether  it  arises  from  the 
simple  fact  of  their  being  shut  up  and  de- 
prived of  their  liberty,  or  not,  we  do  not 
know  ;  but  they  certainly  will  not  breed. 
What  an  astounding  thing  this  is,  to  fin  done 
of  the  most  important  of  all  functions  anni- 
hilated by  mere  imprisonment  ! 

80,  again,  there  are  cases  known  of  ani- 
mals which  have  been  thought  by  naturalists 
to  be  undoubted  species,  which  have  yielded 
fertile  hybrids  ;  while  there  are  other  species 
which  present  what  everybody  believes  to 
be  varieties  *  which  are  more  or  less  infertile 
with  one  another.  There  are  other  cases 
which  are  truly  extraordinary  ;  there  is  one, 
for  example,  which  has  been  carefully  ex- 
amined— of  two  kinds  of  sea- weed,  of  which 
the  male  element  of  the  one,  which  we  may 
call  A.  fertilizes  the  female  element  of  the 
other,  B,  while  the  male  element  of  B  will 
not  fertilize  the  female  element  of  A  ;  so 
that,  while  the  former  experiment  seems  to 
show  us  that  they  are  varieties,  the  latter 
leads  to  the  conviction  that  they  are  species. 

When  we  see  how  capricious  and  uncertain 
this  sterility  is,  how  unknown  the  conditions 
on  which  it  depends,  1  say  that  we  have  no 
right  to  affirm  that  those  conditions  will  not 
be  better  understood  by  and  by,  and  we  have 
no  ground  for  supposing  that  we  may  not  be 

*  And  as  I  conceive  with  very  good  reason ;  but  if 
any  objector  urges  that  we  cannot  prove  that  they 
have  been  produced  by  artificial  or  natural  selection, 
the  objection  must  he  admitted,  nltra-sceptical  as  it 
is.  Bat  in  science  scepticism  is  a  duty. 


able  to  experiment  so  as  to  obtain  that  cro 
cial  result  which  1  mentioned  just  now.  So 
that  though  Mr.  Darwin's  hypothesis  doe> 
not  completely  extricate  us  trom  this  diffi- 
culty at  present,  we  have  not  the  least  right 
to  say  it  will  not  do  so. 

There  is  a  wide  gulf  between  the  thing  you 
cannot  explain  and  the  thing  that  upsets  you 
altogether.  There  is  hardly  any  hypothesis  in 
this  world  which  has  not  some  fact  in  con- 
nection with  it  which  has  not  been  explained  ; 
but  that  is  a  very  different  affair  to  a  fact  that 
entirely  opposes  your  hypothesis  ;  in  this 
case  all  you  can  say  is  that  your  hypothesis 
is  in  the  same  position  as  a  good  many  others. 

Now,  as  to  the  third  test,  that  there  are  no 
other  causes  competent  to  explain  the  phe- 
nomena, 1  explained  to  you  that  one  should 
be  able  to  say  of  a  hypothesis  that  no  other 
known  causes  than  those  supposed  by  it  are 
competent  to  give  rise  to  the  phenomena. 
Here,  1  think,  Mr.  Darwin's  view  is  pretty 
strong.  1  really  believe  that  the  alternative 
is  either  Darwinism  or  nothing,  for  I  do  nof 
know  of  any  rational  conception  or  theory  or. 
the  organic  universe  which  has  any  scientific 
position  at  all  beside  Mr.  Darwin's.  1  do  not 
know  of  any  proposition  that  has  been  put 
before  us  with  the  intention  of  explaining 
the  phenomena  of  organic  nature,  which  has 
in  its  favor  a  thousandth  part  of  the  evi- 
dence which  may  be  adduced  in  favor  of  Mr. 
Darwin's  views.  Whatever  may  be  the  ob- 
jections to  his  views,  certainly  all  others  ara 
absolutely  out  of  court. 

Take  the  Lamarckian  hypothesis,  for  ex- 
ample. Lamarck  was  a  great  naturalist,  and 
to  a  certain  extent  went  the  right  way  to 
work  ;  he  argued  from  what  was  undoubt- 
edly a  true  cause  of  some  of  the  phenomena 
of  organic  nature.  He  said  it  is  a  matter  of 
experience  that  an  animal  may  be  modified 
more  or  less  in  consequence  of  its  desires  and 
consequent  actions.  Thus,  if  a  man  exercise 
himself  as  a  blacksmith,  his  arms  will  be- 
come strong  and  muscular  ;  such  organic 
modification  is  a  result  of  this  particular  ac- 
tion and  exercise.  Lamarck  thought  that  by  a 
very  simple  supposition  based  onlhis  truth  he 
could  explain  the  origin  of  the  various  ani- 
mal species  ;  he  said,  for  example,  that  the 
short-legged  birds  which  live  on  fish  had 
been  converted  into  the  long-legged  waders 
by  desiring  to  get  the  hsh  without  wetting 
their  feet,  and  so  stretching  their  legs  more 
and  more  through  successive  generations.  If 
Lamarck  could  have  shown  experimentally 
that  even  races  of  animals  could  be  produced 
in  this  way,  there  might  have  been  some 
ground  for  his  speculations.  But  he  could 
show  nothing  of  the  kind,  and  his  hypothesis 
has  pretty  well  dropped  into  oblivion,  as  it 
deserved  to  do.  I  said  in  an  earlier  lecture 
that  there  are  hypotheses  and  hypotheses, 
and  when  people  tell  you  that  Mr.  Darwin's 
strongly-based  hypothesis  is  nothing  but  a 
mere  modification  of  Lamarck's,  you  will 
know  what  to  think  of  their  capacity  for 
forming  a  judgment  on  this  subject. 

But  you  must  recollect  that  when  I  say  I 


ORIGIN  OF  SPECIES. 


3*3 


think  it  is  either  Mr.  Darwin's  hypothesis  or 
nothing,  that  either  we  must  take  his  view 
or  look  upon  the  whole  of  organic  nature  as 
an  enigma,  the  meaning  of  which  is  wholly 
hidden  from  us,  you  must  understand  that  I 
mean  that  1  accept  it  provisionally,  in  ex- 
actly the  same  way  as  1  accept  any  oiber  hy- 
pothesis. Men  of  science  do  not  pledge 
themselves  to  creeds  ;  they  are  bound  by 
articles  of  nq  sort  ;  there  is  not  a  single  be- 
lief that  it  is  not  a  bounden  duty  with  them 
to  hold  with  alight  hand,  and  to  part  with  it, 
cheerfully,  the  moment  it  is  really  proved  to 
be  contrary  to  any  fact,  great  or  small.  And 
if  in  course  of  time  1  see  good  reasons  for 
such  a  proceeding.  I  shall  have  no  hesitation 
In  coming  before  you  and  pointing  out  any 
change  in  my  opinion  without  finding  the 
slightest  occasion  to  blnsh  for  so  doing.  So 
I  say  that  we  accept  this  view  as  we  accept 
any'other,  so  long  as  it  will  help  us,  and  we 
feel  bound  to  retain  it  only  so  long  as  it  will 
serve  our  great  purpose — theimpiovementof 
man's  estate  and  the  widening  of  his  knowl- 
edge. The  moment  this,  or  any  other  con- 
ception, ceases  to  be  useful  for  these  pur- 
poses, away  with  it  to  the  four  winds ;  we 
care  not  what  becomes  of  it  ! 

But  to  say  truth,  although  it  has  been  my 
business  to  attend  closely  to  the  controversies 
roused  by  the  publication  of  Mr.  Darwin's 
book,  I  think  that  not  one  of  the  enormous 
mass  of  objections  and  obstacles  which  have 
been  raised  is  of  any  great  value,  except  that 
sterility  case  which  1  brought  before  you  just 
now.  All  the  rest  are  misunderstandings  of 
some  sort,  arising  either  from  prejudice  or 
want  of  knowledge,  or  still  more  from  want 
of  patience  and  care  in  reading  the  work. 

For  you  must  recollect  that  it  is  not  a  hook 
to  be  read  with  as  much  ease  as  its  pleasant 
style  may  lead  you  to  imagine.  You  spin 
through  it  as  if  it  were  a  novel  the  first  time 
you  read  it,  and  think  you  know  all  about  it ; 
the  second  time  you  read  it  you  think  you 
know  rather  less  about  it  ;  and  the  third 
time  you  are  amazed  to  find  how  little  you 
have  really  apprehended  its  vast  scope  and 
objects.  I  can  positively  say  that  1  never 
take  it  up  without  finding  in  it  some  new 
view,  or  light,  or  suggestion  that  I  have  not 
noticed  before.  That  is  the  best  character- 
istic of  a  thorough  and  profound  book  ;  and 
I  believe  this  feature  of  the  "  Origin  of  Spe- 
cies" explains  why  so  many  persons  have 
ventured  to  pass  judgment  and  criticisms 
upon  it  which  are  by  no  means  worth  the 
paper  they  are  written  on. 

Befoie  concluding  these  lectures  there  is 
one  point  to  which  I  must  advert — though, 
as  Mr.  Darwin  has  said  nothing  about  man 
in  his  boook,  it  concerns  myself  rather  than 
him — for  I  have  strongly  maintained  on 
sundry  occasions  that  if  Mr.  Darwin's  views 
are  sound,  they  apply  as  much  to  mau  as  to 
the  lower  mammals,  seeing  that  it  is  per- 
fectly demonstrable  that  the  structural  differ- 
ences which  separate  man  from  the  apes  are 
not  greater  than  those  which  separate  some 
apes  from  others.  There  cannot  be  the 


slightest  doubt  in  the  world  that  the  argu- 
ment which  applies  to  the  improvement  of 
the  horse  from  an  earlier  stock,  or  of  ape 
from  ape,  applies  to  the  improvement  of  man 
frem  some  simpler  and  lower  stock  than 
man.  There  is  not  a  single  faculty — func- 
tional or  structural,  moral,  intellectual,  or 
instinctive — there  is  no  faculty  whatever  that 
is  not  capable  of  improvement  ;  there  is  no 
faculty  whatsoever  which  does  not  depend 
upon  structure,  and  as  structure  tends  to 
vary,  it  is  capable  of  being  improved. 

Well,  I  have  taken  a  good  deal  of  pains  at 
various  times  to  prove  this,  and  1  have  en. 
deavored  to  meet  the  objections  of  those  who 
maintain  that  the  structural  differences  be- 
tween man  and  the  lower  animals  are  of  so 
vast  a  character  and  enormous  extent  that 
even  if  Mr.  Darwin's  views  are  correct,  YOU 
cannot  imagine  this  particular  modification 
to  take  place.  It  is,  in  fact,  easy  matter  to 
prove  that,  so  far  as  structure  is  concerned, 
man  differs  to  no  greater  extent  from  the 
animals  which  are  immediately  below  him 
than  these  do  from  other  members  of  the 
same  order.  Upon  the  other  hand,  there  is 
no  one  who  estimates  more  highly  than  I  do 
the  dignity  of  human  nature,  and  the  width 
of  the  gulf  in  intellectual  and  moral  matters, 
which  lies  between  man  and  the  whole  of 
the  lower  creation. 

But  I  find  this  very  argument  brought  for- 
ward vehemently  by  some.  "  You  say  that 
man  has  proceeded  from  a  modification  of 
some  lower  animal,  and  you  take  pains  to 
prove  that  the  structural  differences  which 
are  said  to  exist  in  his  brain  do  not  exist  at 
all,  and  you  teach  that  all  functions,  intel- 
lectual, moral,  and  others,  are  the  expres- 
sion or  the  result,  in  the  long  run,  of  struc- 
tures, and  of  the  molecular  forces  which  thy 
exert."  It  is  quite  true  that  I  do  so. 

"  Well,  but,"  I  am  told  at  once,  some- 
what triumphantly,  "  you  say  in  the  same 
breath  that  there  is  a  great  moral  and  intel- 
lectual chasm  between  man  and  the  lower 
animals.  How  is  this  possible  when  you  de- 
clare that  moral  and  intellectual  characteris- 
tics depend  on  structure,  and  yet  tell  us  that 
there  is  no  such  gulf  between  the  structure 
of  man  and  that  of  the  lower  animals?" 

I  think  that  objection  is  based  upon  a  mis- 
conception of  the  real  relations  which  exist 
between  structure  and  function,  between 
mechanism  and  work.  Function  is  the  expres- 
sion of  molecular  forces  and  arrangements 
no  doubt  ;  but  does  it  follow  from  this  that 
variation  in  function  so  depends  upon  varia- 
tion in  structure  that  the  former  is  always 
exactly  proportioned  to  the  latter  ?  If  there 
is  no  such  relation,  if  the  variation  in  func- 
tion which  follows  on  a  variation  in  structure 
may  be  enormously  greater  than  the  variation 
of  the  structure,  then,  you  see,  the  objection 
falls  to  the  ground. 

Take  a  couple  of  watches  made  by  the 
same  maker,  and  as  completely  alike  as  pos- 
sible ;  set  them  upon  the  table,  and  the  func- 
tion of  each — which  is  its  rate  of  going— will 
be  performed  in  the  same  manner,  and  you 
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shall  be  able  to  distinguish  no  difference  be- 
tween them  ;  but.  let  me  take  a  pair  of  pin- 
cers,  and  if  my  baud  is  steady  enough  to  do 
it,  let  me  just  lightly  crush  together  the 
bearings  of  the  balance-wheel,  or  force  to  a 
slightly  different  angle  the  teeth  of  the  es- 
capement of  one  of  them,  and  of  course  you 
know  the  immediate  result  will  be  that  the 
watch,  so  treated,  from  that  moment  will 
cease  to  go.  But  what  proportion  is  there  be- 
tween the  structural  alteration  and  the  func- 
tional result .  Is  it  not  perfectly  obvious  lhat 
the  alteration  is  of  the  minutest  kind,  yet 
that,  slight  as  it  is,  it  has  produced  an  infinite 
difference  in  the  performance  of  the  func- 
tions of  these  two  instruments  ? 

Well,  now,  apply  that  to  the  present  ques- 
tion. What  is  it  that  constitutes  and  makes 
man  what  he  is  ?  What  is  it  but  his  power 
of  language — that  language  giving  him  the 
means  of  recording  his  experience— making 
every  generation  somewhat  wiser  than  its 
predecessor,  more  in  accordance  with  the  es- 
tablished order  of  the  universe? 

What  is  it  but  this  power  of  speech,  of  re- 
cording experience,  which  enables  men  to  be 
men — looking  before  and  after,  and,  in  some 
dim  sense,  understanding  the  working  of 
this  wondrous  universe— and  which  distin- 
guishes man  from  the  whole  of  the  trute 
world  ?  I  say  that  this  functional  difference 
is  vast,  unfathomable,  and  truly  infinite  in 
its  consequences  ;  and  1  say  at  the  same 
time  that  it  may  depend  upon  structural 
differences  which  shall  be  absolutely  inap- 
preciable to  us  with  our  present  means  of  in- 
vestigation. What  is  this  very  speech  that 
we  are  talking  about  ?  I  am  speaking  to  you 
at  this  moment,  but  if  you  were  to  alter,  in 
the  minutest  degree,  the  proportion  of  the 
nervous  forces  now  active  in  the  two  nerves 
which  supply  the  muscles  of  my  glottis,  I 
should  become  suddenly  dumb.  The  voice  is 
produced  only  so  long  as  the  vocal  chords 
are  parallel  ;  and  these  are  parallel  only  so 
long  as  certain  muscles  contract  with  exact 
equality  ;  and  that  again  depends  on  the 
equality  of  action  of  those  two  nerves  I  spoke 
of.  So  that  a  change  of  tne  minutest  kind  in 
the  structure  of  one  of  these  nerves,  or  in  the 
structure  of  the  part  in  which  it  originates, 
or  of  the  supply  of  blood  to  thai  part,  or  of 
one  of  the  muscles  to  which  it  is  distributed, 
might  render  all  of  us  dumb.  But  a  race  of 
dumb  men,  deprived  of  all  communication 
with  those  who  could  speak,  would  be  little 
indeed  removed  from  the  brutes.  And  the 
moral  and  intellectual  difference  between 
them  and  ourselves  would  be  practically 
infinite,  though  the  naturalist  should  not  be 
able  to  find  a  single  shadow  of  even  specific 
structural  difference. 

But  let  me  dismiss  this  question  now,  and, 
in  conclusion,  let  me  say  that  you  may  go 
away  with  it  as  my  mature  conviction  that 
Mr.  Darwin's  work  is  the  greatest  contribu- 
tion which  has  been  made  to  biological  sci- 
ence since  the  publication  of  the  "  Regne 
Animal"  of  Cuvier,  and  since  that  of  the 
•'  History  of  Development"  of  Von  Baer.  I 


believe  that  if  you  strip  it  of  its  theoretical 
part  it  still  remains  one  of  the  greatest  en- 
cyclopaedias of  biological  doctrine  that  any 
one  man  ever  brought  forth  ;  and  1  believe 
that,  if  you  take  it  as  the  embodiment  of  a 
hypothesis,  it  is  destined  to  be  the  guide  of 
biological  and  psychological  speculation  for 
the  next  three  or  four  generations. 
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1.  UEBER  DIE  DARWTN'SCHE 
KIN  VOBTBAO,  VON  A.  KSLLiKEB.    Leipzig,  1864. 

2  EXAMINATION  DU  LIVRE  DE  M.  DARWIN  SUB 
I/ORIGINE  DBS  ESPECES.  Par  P.  FLOUUENS.  Paris, 
1864. 

IN  the  course  of  the  present  year  (1864) 
several  foreign  commentaries  upon  Mr.  Dar- 
win's great  work  have  made  their  appear- 
ance. Those  who  have  perused  that  remark- 
able chapter  of  the  "  Antiquity  of  Man,"  in 
which  Sir  Charles  Lyell  diaws  a  parallel  be- 
tween the  development  of  species  and  that 
of  languages,  will  be  glad  to  hear  that  one  of 
the  most  eminent  philologers  of  Germany, 
Professor  Schleicher,  has,  independently, 
published  a  most  instructive  and  philosophical 
pamphlet  (an  excellent  notice  of  which  is  to 
be  found  in  the  Reader  for  February  27th 
of  this  year)  supporting  similar  views  with 
all  the  weight  of  his  special  knowledge  and 
established  authority  as  a  linguist.  Profes- 
sor Haeckel,  to  whom  Schleicher  addresses 
himself,  previously  took  occasion,  in  his 
splendid  monograph  on  the  Radiolaria.  to  ex- 
press his  high  appreciation  of,  and  general 
concordance  with,  Mr.  Darwin's  views 

But  the  most  elaborate  criticisms  of  the 
"  Origin  of  Species"  which  have  appeared 
are  two  works  of  very  widely  different  merit, 
the  one  by  Professor  Kolliker,  the  well- 
known  anatomist  and  histologist  of  Wiirz- 
burg  ;  the  other  by  M.  Flouiens,  Perpetual 
Secietary  of  the  French  Academy  of  Sci- 
ences. 

Professor  Kolliker's  critical  essay  "  Upon 
the  Darwinian  Theoiy"  is,  like  all  that  pro- 
ceeds from  the  pen  of  that  thoughtful  and 
accomplished  writer,  worthy  of  the  most 
careful  consideration.  It  comprises  a  brief 
but  clear  sketch  of  Darwin's  views,  followed 
by  an  enumeration  of  the  leading  difficulties 
in  the  way  of  their  acceptance  ;  difficulties 
which  would  appear  to  be  insurmountable  to 
Professor  Kolliker,  inasmuch  as  he  pro- 
poses to  replace  Mr.  Darwin's  theory  by  one 
which  he  terms  the  "  Theoiy  of  Heteroge- 
neous Generation."  We  shall  proceed  to 
consider  first  the  destructive,  and  secondly 
the  constructive  portion  of  the  essay. 

We  regret  to  find  ourselves  compelled  to 
dissent  very  widely  from  many  of  Professor 
KOlliker's  remarks  ;  and  from  none  more 
thoroughly  than  from  those  in  which  he  seeks 
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TO  define  what  we  may  term  the  philosophical 
v^fltion  of  Darwinism. 

"  Darwin,"  says  Professor  Kolliker,  "is, 
in  the  fullest  sense  of  the  word,  a  teleologist. 
He  says  quite  distinctly  (First  Edition,  pp. 
199,  200)  that  every  particular  in  the  struc- 
ture of  an  animal  has  been  created  for  its 
benefit,  and  he  regaids  the  whole  series  of 
animal  foims  only  from  this  point  of  view." 

And  again : 

"7.  The  teleological  general  conception 
adopted  by  Darwin  is  a  mistaken  one. 

"  Varieties  arise  irrespectively  of  the  notion 
of  puipose,  or  of  utility,  according  to  general 
laws  of  nature,  and  may  be  either  useful,  or 
hurtful,  or  indifferent 

"  The  assumption  that  an  organism  exists 
only  on  account  of  some  definite  end  in  view, 
and  represents  something  more  thru  the  in- 
corporation of  a  general  idea,  or  law,  implies 
u  one-sided  conception  of  the  universe.  As- 
suredly, every  organ  has,  and  every  organism 
fulfils,  its  end,  but  its  purpose  is  not  the  con 
dition  of  its  existence.  Every  organism  is 
also  sufficiently  perfect  for  the  purpose  it 
serves,  and  in  that,  at  least,  it  is  useless  to 
seek  for  a  cause  of  its  improvement." 

It  is  singular  how  differently  one  and  the 
same  bonk  will  impress  different  minds. 
That  which  struck  the  present  writer  most 
torcibly  on  his  first  perusal  of  the  "  Origin 
of  Species"  was  the  conviction  that  teleology, 
(is  commonly  understood,  had  received  its 
death-blow  ixt  Mr.  Darwin's  hands.  For  the 
ideological  argument  runs  thus  :  an  organ 
or  organism  (A)  is  precisely  filled  to  perform 
a  function  or  purpose  (B) ;  therefore  it  was 
specially  constructed  to  perform  that  func- 
tion. In  Paley's  famous  illustration,  the 
adaptation  of  all  the  parts  of  the  watch  to 
the  function,  or  purpose,  of  showing  the 
'.ime,  is  held  to  be  evidence  that  the  watch 
was  specially  contrived  to  that  end  ;  on  the 
ground  that  the  only  cause  we  know  of, 
competent  to  produce  such  an  effect  as  a 
wutuh  which  shall  keep  time,  is  a  contriving 
intelligence  adapting  the  means  directly  to 
that  end. 

Suppose,  however,  that  any  one  had  been 
able  to  show  that  the  watch  had  not  been 
made  directly  by  any  person,  but  that  it  was 
the  result  of  the  modification  of  another 
watch  which  kept  time  but  pjorly  ;  and  that 
this  again  had  proceeded  from  a  structure 
which  could  hardly  be  called  a  watch  at  all, 
seeing  that  it  had  no  figures  on  the  dial  arid 
the  hands  were  rudimentary  ;  and  that  going 
back  and  back  in  time  we  came  at  last  to  a 
revolving  barrel  as  the  earliest  traceable  rudi- 
ment of  the  whole  fabric.  And  imagine  that 
it  had  been  possible  to  show  that  all  these 
changes  had  resulted,  first,  from  a  tendency 
of  the  structure  to  vary  indefinitely  ;  and 
secondly,  from  something  in  the  surrounding 
world  which  helped  all  variations  in  the 
direction  of  an  accurate  time-keeper,  and 
checked  all  those  in  other  directions  ;  then 
it  is  obvious  that  the  force  of  Paiey's  argu- 
ment would  be  gone.  For  it  would  be  dem- 
apparatua  thoroughly  well 


adapted  to  a  particular  purpose  might  be  the 
result  of  a  method  of  trial  and  error  worked 
by  unintelligent  agents,  as  well  as  of  the 
direct  application  of  the  means  appropriate  to 
that  end,  by  an  intelligent  agent. 

Now  it  appears  to  us  that  what  we  have 
here,  for  illustration's  sake,  supposed  to  be 
done  with  the  watch  is  exactly  what  the  es- 
tablishment of  Darwin's  theory  will  do  for 
the  oranic  world.  For  the  notion  that  every 
organism  has  been  created  as  it  is  and 
launched  straight  at  a  purpose,  Mr.  Darwin 
substitutes  the  conception  of  something 
which  may  fairly  be  termed  a  method  of  trial 
and  error.  Organisms  vary  incessantly  ;  of 
these  variations  the  few  meet  with  sur- 
rounding conditions  which  suit  them  and 
thrive;  the  many  are  unsuited  and  become 
extinguished. 

According  to  teleology,  each  organism  Is 
like  a  rifle  bullet  fired  straight  at  a  mark  ; 
according  to  Darwin,  organisms  are  like 
grapeshot  of  which  one  hits  something  and 
the  rest  fall  wide. 

For  the  teleologist  an  organism  exists  be- 
cause it  was  made  for  the  conditions  in  which 
it  is  found  ;  for  the  Darwinian  an  organism 
exists  because,  out  of  many  of  its  kind,  it  is 
the  only  one  which  has  been  able  to  persist 
in  the  eruditions  in  which  it  is  found. 

Teleology  implies  that  the  organs  of  every 
organism  are  perfect  and  cannot  be  im- 
proved ;  the  Darwinian  theory  simply 
affirms  that  they  work  well  enough  to  enable 
the  organism  to  hold  its  own  against  such 
competitors  as  it  has  met  with,  but  admits 
the  possibility  of  indefinite  improvement 
But  an  example  may  bring  into  clearer  ligh 
the  profound  opposition  between  the  ordi' 
nary  teleological  and  the  Darwinian  concep- 
tion. 

Cats  catch  mice,  small  birds,  and  the  like, 
very  well.  Teleology  tells  us  that  they  do  so 
because  they  were  expressly  constructed  for 
so  doing  ;  that  they  are  peifect  mousing  ap- 
paratuses, so  perfect  and  so  delicately  ad- 
justed that  no  one  of  their  organs  could  be 
altered,  without  the  change  involving  the  al« 
teration  of  all  the  rest.  Darwinism  affirms, 
on  the  contrary,  that  there  was  no  express 
construction  concerned  in  the  matter ;  but 
that  among  the  multitudinous  variations  of 
the  feline  stock,  many  of  which  died  out 
from  want  of  power  to  resist  opposing  influ- 
ences, some,  the  cats,  were  better  fitted  to 
catch  mice  than  others,  whence  they  throve 
and  persisted,  in  proportion  to  the  advantage 
over  their  fellows  thus  offered  to  them. 

Far  from  imagining  that  cats  exist  in  order 
to  catch  mice  well,  Darwinism  supposes  that 
cats  exist  because  they  catch  mice  well — 
mousing  being  not  the  end,  but  the  condi- 
tion, of  their  existence.  And  if  the  cat-type 
has  long  persisted  as  we  know  it,  the  inter- 
pretation of  the  fact  upon  Darwinian  princi- 
ples would  be,  not  that  the  cats  have  re- 
mained invariable,  but  that  such  varieties  aa 
have  incessantly  occurred  have  been,  on  the 
whole,  less  fitted  to  get  on  i»  the  world  tba^ 
the  existing  stock.  — 
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Tf  we  apprehend  the  spirit  of  the  "  Origin 
of  Species"  rightly,  then,  nothing  an  hemoie 
entirely  and  absolutely  opposed  to  teleology, 
as  it  is  commonly  understood,  than  the  Dar- 
winian theory.  So  far  from  being  a  "  teleo- 
logist  in  the  fullest  sense  of  the  word,"  we 
should  deny  that  he  is  a  teleologist  in  the  or- 
dinary sense  at  all  ;  and  we  should  say  that, 
apart  from  his  merits  as  a  naturalist,  he  has 
rendered  a  most  remarkable  service  to  philo- 
sophical thought  by  enabling  the  student  of 
nature  to  recognize,  to  their  fullest  extent, 
those  adaptations  to  purpose  which  are  so 
striking  in  the  organic  world,  and  which  tele- 
ology has  done  good  service  in  keeping  before 
our  minds,  without  being  false  to  the  fun- 
damental principles  of  a  scientific  conception 
of  the  universe.  The  apparently  diverging 
teachings  of  the  teleologist  and  of  the  mor- 
phologist  are  reonciled  by  the  Darwinian  hy- 
pothesis. 

But  leaving  our  own  impressions  of  the 
"Origin  of  Species,"  and  turning  to  those 
passages  specially  cited  by  Professor  Ko'lliker, 
we  cannot  admit  that  they  bear  the  interpre- 
tation he  puts  upon  them.  Darwin,  if  we 
read  him  rightly,  does  not  affirm  that  every 
detail  in  the  structure  of  an  animal  has  been 
created  for  its  benefit.  His  words  are  (p. 
199): 

"  The  foregoing  remarks  lead  me  to  say  a 
few  words  on  the  protest  lately  made  by  some 
naturalists  against  the  utilitarian  doctrine 
that  every  detail  of  structure  has  been  pro- 
duced for  the  good  of  its  possessor.  They 
believe  that  very  many  structures  have  been 
created  for  beauty  in  the  eyes  of  man,  or  for 
mere  variety.  This  doctrine,  if  true,  would 
be  absolutely  fatal  to  my  theory,  yet  I  fully 
admit  that  many  structures  are  of  no  direct 
use  to  their  possessor." 

And  after  sundry  illustrations  and  qualifi- 
cations, he  concludes  (p.  200) : 

"  Hence  every  detail  of  structure  in  every 
living  creature  (making  some  little  allowance 
for  the  direct  action  of  physical  conditions) 
may  be  viewed  either  as  having  been  of 
special  use  to  some  ancestral  form,  or  as 
being  now  of  special  use  to  the  descendants 
of  this  form— either  directly  or  indirectly, 
through  the  complex  laws  of  growth." 

But  it  is  one  thing  to  say,  Darwinically, 
that  every  detail  observed  in  an  animal's 
structure  is  of  use  to  it,  or  has  been  of  use  to 
its  ancestors  ;  and  quite  another  to  affirm, 
teleologically,  that  every  detail  of  an  ani- 
mal's structure  has  been  created  for  its 
benefit.  On  the  former  hypothesis,  for  ex- 
ample, the  teeth  of  the  foetal  Balana  have  a 
meaning  ;  on  Ihe  latter  none.  So  far  as  we 
are  aware,  there  is  not  a  phrase  in  the 
"  Origin  of  Species,"  inconsistent  with  Pro- 
fessor Kolliker's  position,  that  "  varieties 
arise  irrespectively  of  the  notion  of  purpose, 
or  of  utility,  according  to  general  laws  of  na- 
ture, and  may  be  either  useful,  or  hurtful,  or 
indifferent. 

On  the  contrary,  Mr.  Darwin  writes  (Sum- 
mary of  Chap.  V.) : 

"  Our  ignorance  of  the  laws  of  variation  is 
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profound.  Not  in  one  case  out  of  a  hun- 
dred can  we  pretend  to  assign  any  reason 
why  this  or  that  part  varies  more  or  less 
from  the  same  part  in  the  parents.  .  .  .  The 
external  conditions  of  life,  as  climate  and 
food,  etc.,  seem  to  have  induced  some  slight 
modifications.  Habit,  in  producing  consti- 
tutional differences,  and  use,  in  strengthen- 
ing, and  disuse,  in  weakening  and  diminish- 
ing organs,  seem  to  have  been  more  potent  in 
their  effects." 

And  finally,  as  if  to  prevent  all  possible 
misconception,  Mr.  Darwin  concludes  his 
"  Chapter  on  "Variation"  with  these  preg- 
nant words : 

"  Whatever  the  cause  may  be  of  each 
slight  difference  in  the  offspring  from  their 
parents — and  a  cause  for  each  must  exist — it 
is  the  steady  accumulation,  through  natural 
selection  of  such  differences,  when  beneficial 
to  the  individual,  that  gives  rise  to  all  the 
more  important  modifications  of  structure,  by 
which  the  innumerable  beings  on  the  face  of 
the  earth  are  enabled  to  struggle  with  each 
other,  and  the  best  adapted  to  survive." 

We  have  dwelt  at  length  upon  this  sub- 
ject, because  of  its  great  general  importance, 
and  because  we  believe  that  Professor  K61- 
hker's  criticisms  on  this  head  are  based  upon 
a  misapprehension  of  Mr.  Darwin's  views — 
substantially  they  appear  to  us  to  coincide 
with  his  own.  The  other  objections  which 
Professor  Kolliker  enumerates  and  discusses 
are  the  following : 

"  1.  No  transitional  forms  between  exist- 
ing species  are  known  ;  and  known  varie- 
ties, whether  selected  or  spontaneous,  never 
go  so  far  as  to  establish  new  species." 

To  this  Professor  Kolliker  appears  to  attach 
some  weight.  He  makes  the  suggestion  that 
the  short-faced  tumbler  pigeon  may  be  a 
pathological  product. 

"  2,  No  transitional  forms  of  animals  are 
met  with  among  the  organic  remains  of  ear- 
lier epochs." 

Upon  this,  Professor  Kolliker  remarks  that 
the  absence  of  transitional  forms  in  the  fos- 
sil world,  though  not  necessarily  fatal  to 
Darwin's  views,  weakens  his  case. 

"  3.  The  struggle  for  existence  does  not 
take  place." 

To  this  objection,  urged  by  Pelzeln,  K61- 
liker,  vere  justly,  attaches  no  weight. 

"  4.  A  tendency  of  organisms  to  give  rise 
to  useful  varieties,  and  a  natural  selection, 
do  not  exist. 

"  The  varieties  which  are  found  arise  in 
consequence  of  manifold  external  influences, 
and  it  is  not  obvious  why  they  all,  or  par- 
tially, should  be  particularly  useful.  Each 
animal  suifices  for  its  own  ends,  is  perfect  of 
its  kind,  and  needs  no  further  development. 
Should,  however ,  a  variety  be  useful  and 
even  maintain  itself,  there  is  no  obvious 
reason  why  it  should  change  any  further. 
The  whole  conception  of  the  imperfection  of 
organisms  and  the  necessity  of  their  becom- 
ing perfected  is  plainly  the  weakest  side  of 
Darwin's  theory,  and  a  pis  oiler  (Nothbehelf) 
because  Darwiu  could  think  of  no  other 


ORIGIN  OF  SPECIES. 


3^7 


principle  "by  which  to  explain  the  metamor- 
phoses which,  as  1  also  believe,  have  oc- 
curred." 

Here  again  we  must  venture  to  dissent 
completely  from  Professor  Kolliker's  con- 
ception of  Mr.  Darwin's  hypothesis.  It  ap- 
pears to  us  to  be  one  of  the  many  peculiar 
merits  of  that  hypothesis  that  it  involves  no 
belief  in  a  necessary  and  continual  progress 
of  organisms. 

Again,  Mr.  Darwin,  if  we  read  him 
aright,  assumes  no  special  tendency  of  or- 
ganisms to  give  rise  to  useful  varieties,  and 
knows  nothing  of  needs  of  development,  or 
necessity  of  perfection.  What  he  says  is,  in 
substance  :  All  organisms  vary.  It  is  in  the 
highest  degree  improbable  that  auy  given  va- 
riety should  have  exactly  the  same  relations 
to  surrounding  conditions  as  the  parent 
stock.  In  that  case  it  is  either  better  fitted 
(when  the  variation  may  be  called  useful),  or 
worse  fitted,  to  cope  with  them.  If  better, 
it  will  tend  to  supplant  the  parent  stock  ;  if 
worse,  it  will  tend  to  be  extinguished  by  the 
parent  stock. 

If  (as  is  hardly  conceivable)  the  new  variety 
is  so  perfectly  adapted  to  the  conditions  that 
no  improvement  upon  it  is  possible — it  will 
persist,  because,  though  it  does  not  cease 
to  vary,  the  varieties  will  be  inferior  to 
itself. 

If,  as  is  more  probable,  the  new  variety  is 
by  no  means  perfectly  adapted  to  its  condi- 
tions, but  only  fairly  well  adapted  to  them, 
it  will  persist,  so  long  as  none  of  the  varieties 
tvhich  it  throws  off  are  better  adapted  than 
itself. 

On  the  other  hand,  as  soon  as  it  varies  in  a 
useful  way — i.e.,  when  the  variation  is  such 
as  to  adapt  it  more  perfectly  to  its  conditions 
—the  fresh  variety  will  tend  to  supplant  the 
former. 

So  far  from  a  gradual  progress  toward  per- 
fection forming  any  necessary  part  of  the 
Darwinian  creed,  it  appears  to  us  that  it  is 
perfectly  consistent  with  indefinite  persist- 
ence in  one  state,  or  with  a  gradual  retrogres- 
sion. Suppose,  for  example,  a  return  of  the 
glacial  epoch  and  a  spread  of  polar  climatal 
conditions  over  the  whole  globe.  The  opera- 
tion of  natural  selection  under  these  circum- 
stances would  tend,  on  the  whole,  to  the 
weeding  out  of  the  higher  organisms  and  the 
cherishing  of  the  lower  forms  of  life.  Cryp- 
togamic  vegetation  would  have  the  advan- 
tage over  phanerogamic  ;  Hydrozoa  over 
corals  ;  Crustacea  over  Insecta,  and  AmpM- 
poda  and  Isopoda  over  the  higher  Crustacea  ; 
cetaceans  and  seals  over  the  Primates ;  the 
civilization  ot  the  Esquimaux  over  that  of 
the  European. 

"  5.  Pelzeln  has  also  objected  that  if  the 
later  organisms  have  proceeded  from  the  ear- 
lier, the  whole  developmental  series,  from  the 
simplest  to  the  highest,  could  not  now  exist  ; 
in  such  a  case  the  simpler  organisms  must 
have  disappeared." 

To  this  Professor  KQlliker  replies,  with 
perfect  justice,  that  the  conclusion  drawn  by 
Pelzln  does  not  really  follow  from  Darwin's 


premises,  and  that,  if  we  take  the  facts  of 
palaeontology  as  they  stand,  they  rather  sup- 
port than  oppose  Darwin's  theory. 

"  6.  Great  weight  must  be  attached  to  the 
objection  brought  forward  by  Huxley,  other- 
wise a  warm  supporter  of  Darwin's  hypothe- 
sis, Ihut  we  know  of  no  varieties  which  are 
sterile  with  one  another,  as  is  the  rule  among 
sharply  distinguished  animal  forms. 

"  If  Darwin  is  right,  it  must  be  demon- 
strated that  forms  may  be  produced  by  selec- 
tion, which,  like  the  present  sharply  "distin- 
guished animal  forms,  are  infertile  when 
coupled  with  one  another,  and  this  has  not 
been  done." 

The  weight  of  this  objection  is  obvious  ; 
bnt  our  ignorance  of  the  conditions  of  fer- 
tility and  sterility,  the  want  of  carefully 
conducted  experiments  extending  over  long 
series  of  years,  and  the  strange  anomalies 
presented  by  the  results  of  the  cross-fertili- 
zation of  many  plants,  should  all,  as  Mr. 
Darwin  has  urged,  be  taken  into  account  in 
considering  it. 

The  seventh  objection  is  that  we  have 
already  discussed. 

The  eighth  and  last  stands  as  follows  : 

"  8.  The  developmental  theory  of  Darwin 
is  not  needed  to  enable  us  to  understand  the 
regular  harmonious  progress  of  the  complete 
series  of  organic  forms  from  the  simpler  to 
the  more  perfect. 

"  The  existence  of  general  laws  of  nature 
explains  this  harmony,  even  if  we  assume 
that  all  beings  have  arisen  separately  and 
independent  of  one  another.  Darwin  forgets 
that  inorganic  nature,  in  which  there  can  be 
no  thought  of  a  genetic  connection  of  forms, 
exhibits  the  same  regular  plan,  the  same 
harmony,  as  the  organic  world  ;  and  that,  to 
cite  only  one  example,  there  is  as  much  a 
natural  system  of  minerals  as  of  plants  and 
animals." 

We  do  not  feel  quite  sure  that  we  seize 
Professor  Kolliker's  meaning  here,  but  he 
appears  to  suggest  that  the  observation  of 
the  general  order  and  harmony  which  per- 
vade inorganic  nature  would  lead  us  to  an- 
ticipate a  similar  order  and  harmony  in  the 
organic  world.  And  this  is  no  doubt  true, 
but  it  by  no  means  follows  that  the  particu- 
lar order  and  harmony  observed  among  them 
should  be  that  which  we  see.  Surely  the 
stripes  of  dun  horses,  and  the  teeth  of  the 
fo3tal  Balana,  are  not  explained  by  the 
"  existence  of  general  laws  of  nature."  Mr. 
Darwin  endeavors  to  explain  the  exact  order 
of  organic  nature  which  exists  ;  not  the  mere 
fact  that  there  is  some  order. 

And  with  regard  to  the  existence  of  a  nat- 
ural system  of  minerals  ;  the  obvious  reply 
is  that  there  may  be  a  natural  classification 
of  any  objects — of  stones  on  a  sea-beach,  or 
of  works  of  art ;  a  natural  classification  being 
simply  an  assemblage  of  objects  in  groups, 
so  as  to  express  their  most  important  and 
fundamental  resemblances  and  differences. 
No  doubt  Mr.  Darwin  believes  that  those  re- 
semblances and  differences  upon  which  our 
natural  systems  or  classifications  of  animals 
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and  plants  are  based  are  resemblances  and 
differences  which  have  been  produced  ge- 
netically, but  we  can  discover  no  reason  tor 
supposing  that  he  denies  the  existence  of 
natural  classifications  of  other  kinds. 

And,  after  all,  is  it  quite  so  certain  that  a 
genetic  i  elation  may  not  underlie  the  classi- 
fication of  minerals?  The  inorganic  world 
has  not  always  been  what  we  see  it.  It  has 
certainly  bad  its  metamorphoses,  and.  very 
probably, a  long  "  Entwickelungsgesrhichte" 
out  of  a  nebular  blastema.  Who  knows  how 
far  that  amount  of  likeness  among  sets  of 
minerals,  in  virtue  of  which  they  are  now 
grouped  into  families  and  orders,  may  not  be 
the  expression  of  the  common  conditions  to 
which  that  particular  patch  of  nebulous  fog, 
which  may  have  been  constituted  by  their 
atoms,  and  of  which  they  may  be,  in  the 
strictest  sense,  the  descendants,  was  sub- 
jected ? 

It  will  be  obvious  from  what  has  preceded 
that  we  do  not  agree  with  Professor  Kolliker 
in  thinking  the  objections  which  he  brings 
forward  so  weighty  as  to  be  fatal  to  Dar- 
win's view.  But  even  if  the  case  were  other- 
wise, we  should  be  unable  to  accept  the 
"  Theory  of  Heterogeneous  Generation" 
which  is  offered  as  a  substitute.  That 
theory  is  thus  stated  : 

"  The  fundamental  conception  of  this  hy- 
pothesis is  that,  under  the  influence  of  a 
general  law  of  development,  the  germs  of 
organisms  produce  others  different  from 
themselves.  This  might  happen  (1)  by  the 
fecundated  ova  passing,  in  the  course  of 
their  development,  under  particular  circum- 
stances, into  higher  forms  ;  (2)  by  the  primi- 
tive and  later  organisms  producing  other  or- 
ganisms without  fecundation  out  of  germs 
or  eggs  (parthenogenesis)." 

In  favor  of  this  hypothesis.  Professor 
Kolliker  .adduces  the  well-known  facts  of 
agamogenesis,  or  "  alternate  generation  ;" 
Jhe  extreme  dissimilarity  of  the  males  and 
females  of  many  animals  ;  and  of  Ihe  o^ies, 
females,  and  neuters  of  those  insects  which 
live  in  colonies  :  and  he  defines  its  relations 
to  the  Darwini  n  theory  as  follows  : 

"  It  is  obvious  that  my  hypothesis  is  ap- 
parently very  similar  to  Darwin's,  inasmuch 
as  1  also  consider  that  the  various  forms  of 
animals  have  proceeded  directly  from  one 
another.  My  hypothesis  of  the  creation  of  or- 
ganisms by  heterogeneous  generation,  how 
ever,  is  distinguished  very  essentially  from 
Darwin's  by  the  entire  absence  of  the 
principle  of  useful  variations  and  their  natu- 
ral selection  ;  and  my  fundamental  concep- 
tion is  this,  that  a  great  plan  of  development 
lies  at  the  foundation  of  the  origin  of  the 
whole  organic  world,  impelling  the  simpler 
forms  to  more  and  more  complex  develop- 
ments. How  this  law  operates,  what  influ- 
ences determine  the  development  of  the  eggs 
and  germs,  and  impel  them  to  assume  con- 
stantly new  forms,  1  naturally  cannot  pre- 
tend to  say  ;  but  1  can  at  least  adduce  the 
great  analogy  of  the  alternation  of  genera- 
tions. If  a  Bipinnaria,  a  Brachialaria,  a 


Pluteus,  is  competent  to  produce  the  Echino- 
derm,  which  is  so  widely  different  from  it ; 
if  a  hydroid  polype  can  produce  the  higher 
medusa ;  if  the  vermiform  trematode 
'  nurse  '  can  develop  within  itself  the  very 
unlike  Cercaria,  it  will  not  appear  impossible 
that  the  egg,  or  ciliated  embryo,  of  a 
sponge,  for  once,  under  special  conditions, 
might  become  a  hydroid  polype,  or  the  em- 
bryo of  a  medusa,  an  Echinoderm." 

It  is  obvious  from  these  extracts  that  Pro- 
fessor Kolliker's  hypothesisis  is  based  upon 
the  supposed  existence  of  a  close  analogy 
between  the  phenomena  of  agamogeneste 
and  the  production  ot  new  species  from  pre- 
existing ones.  But  is  the  analogy  a  real 
one  ?  We  think  that  it  is  not,  and,  by  the 
hypothesis,  cannot  be. 

For  what  are  the  phenomena  of  agamo- 
genesis, stated  generally?  An  impregnated 
egg  develops  into  an  asexual  form  A  ;  this 
gi  ves  rise,  asexually,  to  a  second  form  or 
forms,  B,  more  or  less  different  from  A.  B 
may  multiply  asexually  again  ;  in  the  simple 
cases,  however,  it  does  not,  but,  acquiring 
sexual  characters,  produces  impregnated  eggs 
from  whence  A  once  more  arises. 

No  case  of  agamogenesis  is  known  in 
which,  when  A  differs  widely  from  B,  it  is  it- 
self capable  of  sexual  propagation.  IN o  case 
whatever  is  known  in  which  the  progeny  of 
B,  by  sexual  generation,  is  other  than  a  re- 
production of  A. 

But  if  this  be  a  true  statement  of  the  na- 
ture of  the  process  of  agamogenesis,  how  can 
it  enable  us  to  comprehend  the  production  of 
new  species  from  already  existing  ones  ?  Let 
us  suppose  hyenas  to  have  preceded  dogs, 
and  to  have  produced  the  latter  in  this  way. 
Then  the  hyena  will  represent  A,  and  the 
dog  B.  The  fi\3t  difficulty  that  presents 
tself  is  that  the  hyena  must  be  asexual  or  the 
process  will  be  wholly  without  analogy  in 
the  world  of  agamogeuesis.  But  passing 
over  this  difficulty,  and  supposing  a  male  and 
female  dog  to  be  produced  at  the  same  time 
from  the  hyena  stock,  the  progeny  of  the* 
pair,  if  the  analogy  of  the  simpler  kinds  of 
Hgamogenesis  is  to  be  followed,  should  be  a 
litter,  not  of  puppies,  but  of  young  hyenas. 
For  the  agamogenetic  series  is  always,  as 
we  have  seen,  A  :  B  :  A  :  B,  etc.  ;  whereas 
for  the  production  of  a  new  species  the  series 
must  be  A  :  B  :  B  :  B,  etc.  The  production 
of  new  species,  or  genera,  is  the  extreme  per- 
manent divergence  from  the  primitive  stock. 
All  known  agamogenetic  processes,  on  the 
other  hand,  end  in  a  complete  return  to  the 
primitive  stock.  How  then  is  the  production 
of  new  species  to  be  rendered  intelligible  by 
the  analogy  of  agamogenesis  ? 

The  other  alternative  put  by  Professor 
Ko'lliker — the  passage  of  fecundated  ova  in 
the  course  of  their  ^development  into  higher 
forms — would,  if  it  occurred,  be  merely  an 
extreme  case  of  variation  in  the  Darwinian 
sense,  greater  in  degree  than,  but  perfectly 
similar  in  kind  to,  that  which  occurred  when 
the  well-known  Ancon  ram  was  developed 
from  an  ordinary  ewe's  ovum.  Indeed  we 
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have  always  thought  that  Mr.  Darwin  has  un-    tions."    Mr.  Darwin  has  many  and  hot  op 
necessarily  hampered  himself  by  adhering  so    ponents  on  this  side  of  the  Channel  and  in 
"*•  '--•'-  »~  l-:-  " -\r .,».,,„    ~..«   f~,.-.t     Germany,  but  we  do  not  recollect  to  have 


6ti  icily  to  his  favorite  "  Natura  non  facit 
saltum  "  We  greatly  suspect  that  she  does 
make  considerable  jumps  in  the  way  of  va- 
riation now  and  then,  and  that  these  salta- 
tions give  rise  to  some  of  the  gaps  which  ap- 
pear to  exist  in  the  series  of  known  forms. 

Strongly  and  freely  as  we  have  ventured 
to  disagree  with  Professor  Kolliker,  we  have 
always  done  so  with  regret,  and  we  tiust 
without  violating  that  respect  which  is  due, 
not  only  to  his  scientific  eminence  and  to  the 
careful  study  which  he  has  devoted  to  the 
subject,  but'to  the  perfect  fairness  of  his 
argumentation,  and  the  generous  apprecia- 
tion of  the  worth  of  Mr.  Darwin's  labors 
which  he  always  displays.  It  would  be  sat- 
isfactory to  be  able  to  say  as  much  for  M. 
Flourens. 

But  the  Perpetual  Secretary  of  the  French 
Academy  of  Sciences  deals  with  Mr.  Darwin 
as  the  first  Napoleon  would  have  treated  an 
"  ideologue  ;"  and  while  displaying  a  pain- 
ful weakness  of  logic  and  shallowness  of  in- 
formati  >n,  assumes  a  tone  of  authority 
which  always  touches  upon  the  ludicrous, 
and  sometimes  passes  the  limits  of  good 
breeding. 

For  example  (p.  56) : 

"  M.  Darwin  continue  :  '  Aucune  distinc- 
tion absulue  n'a  eie  tt  ne  peut  etre  etablie 
entre  les  especes  et  les  varietes  '  Je  vous  ai 
deja  dit  que  vous  vous  trompiez  ;  une  dis- 
tinction absolue  separe  les  varietes  d'avec  les 
especes. " 

"  Je  VOU9  ai  dejd  dit ;  moi  M.  le  Secretaire 
perpetuel  de  1' Academic  des  Sciences:  et 
vous 

"  '  Qui  n'etes  rien, 

Pas  meme  Academicien  " 
Vhat  do  you  mean  by  asserting  the  con- 
rary?"  Being  devoid  of  the  blessings  of  an 
academy  in  England,  we  are  unaccustomed 
to  see  our  ablest  meu  treated  in  this  fashion, 
even  by  a  "  Perpetual  Secretary." 

Or  again,  considering  that  if  there  is  any 
one  quality  of  Mr.  Darwin's  work  to  which 
friends  and  foes  have  alike  borne  witness,  it 
is  his  candor  and  fairness  in  admitting  and 
discussing  objections,  what  is  to  be  thought 
of  M.  Flourens's  assertion,  that 

'  M.  Darwin  ne  cite  que  les  auteurs  qui 
partagent  ses  opinions"  (p.  40). 

Oiioe  more  (p.  65). 

"  Enfin  1'ouvrage  de  M.  Darwin  a  paru. 
On  ne  peut  qu'eire  frappe  du  talent  de 
i'auteur.  Mais  que  d'idees  obscures,  que 
d'idees  fausses  !  Quel  jargon  metaphysique 
jete  mal  a  propos  dans  1'histoire  uaturelle, 
qui  tombe  dans  le  galimatias  des  qu'elle  sort 
des  idees  claires,  ides  irlees  justes  !  Quel 
langnge  pretentieux  et  vide  !  Quelles  per- 
sonifications pueriles  et  surannees  !  O  lu> 
cidite  1  O  solidite  de  1'esprit  Francais,  que 
devenez-vous ?" 

"Obscure  ideas,"  "metaphysical  jar- 
gon," "  pretentious  and  empty  language," 

puerile    and     superannuated    personifies 
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found  precisely  these  sins  in  the  long  cata- 
logue of  those  hitherto  laid  to  his  charge.  It 
is  worth  while,  therefore,  to  examine  into 
these  discoveries  effected  solely  by  the  aid  of 
the  "lucidity  and  solidity  of  the  mind  of 
M.  Flourens. 

According  to  M.  Flourens,  Mr.  Darwin's 
great  error  is  that  he  has  personified  nature 
(p.  10),  and  further  that  he  has 
"  imagined  i.  natural  selection  ;  he  imagines 
afterward  tliat  this  power  of  selecting 
(pouwir  d'elire)  wtuch  he  gives  to  Mature  is 
similar  to  tho  power  of  man.  These  two 
"uppositions  admitted  nothing  stops  him  ; 
he  plays  with  nature  as  he  likes,  and  makes 
her  do  all  he  pleases"  (p.  6). 

And  this  is  the  way  M.  Flourens  extin- 
guishes natural  selection  : 

"  Voyons  done  encore  une  fois,  ce  qu'il 
peut  y  avoir  de  fonde  dans  ce  qu'on  nomine 
election,  naturelle. 

"  L 'election  naturelle  n'est  sous  un  autre 
nom  que  la  nature.  Pour  un  etre  organise, 
la  nature  n'est  que  1'organization,  ni  plus 
ni  moius. 

"  II  faudra  done  aussi  personnifier  I'oi'gan- 
isation,  et  dire  que  I 'organisation  choisit  I'or- 
ganisation.  L' election  naturelle  est  cette  forme 
substantielledout  on  jouait  autrefois  avec  tant 
de  facilite.  Aristote  disait  que  *  Si  1'art  de 
b&tir  etait  dans  le  bois,  cet  art  agirsut  comme 
la  nature.'  A  la  place  de  I'art  de  bdlirM.. 
Darwin  met  I' election  naturelle,  et  c'est  tout 
un :  1'un  n'est  pas  plus  chimecique  que 
Paul  re"  (p.  31). 

And  this  is  really  all  that  M.  Flourens  can 
make  of  natural  selection.  We  have  given  th« 
original,  in  fear  lest  a  translation  should  be 
regarded  as  a  travesty  ;  but  with  the  original 
before  the  reader,  we  may  try  to  analyze  the 
passage.  "  For  an  organized  being,  Nature 
is  only  organization,  neither  more  nor  less." 

Organized  beings  then  have  absolutely  no 
relation  to  inorganic  nature  ;  a  plant  does 
not  depend  ou  suil  or  sunshine,  climate, 
depth  in  the  ocean,  height  above  it  ;  the 
quantity  of  saline  matters  in  water  have 
no  influence  upon  -animal  life  ;  the  sub- 
stitution of  carbonic  acid  for  oxygen  in  our 
atmosphere  would  hurt  nobody  !  That  these 
are  absurdities  no  one  should  know  better 
than  M.  Flourens  ;  but  they  are  logical  deduc- 
tions from  the  assertion  just  quoted,  and 
form  the  further  statement  that  natural  selec- 
tion means  only  that  "  organization  chooses 
and  selects  organization." 

For  if  it  be  once  admitted  (what  no  sane 
man  denies)  that  the  chances  of  life  of  any 
given  organism  are  increased  by  certain  con- 
ditions (A)  and  diminished  by  their  opposites 
(B),  then  it  is  mathematically  certain  that  any 
change  of  conditions  in  the  direction  of  (A) 
will  exercise  a  selective  influence  in  favor  of 
that  organism,  tending  to  its  increase  and 
multiplication,  while  any  change  in  the  di- 
rection of  (B)  will  exercise  a  selective  influ- 
ence against  that  organism,  tending  to  its  de- 
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crease  and  extinction. 

Or,  on  the  other  hand,  conditions  remain- 
ing the  same,  let  a  given  organism  vary  (and 
no  one  doubts  that  they  do  vary)  in  two  di- 
rections ;  into  one  form  (a)  better  fitted  to 
cope  with  these  conditions  than  the  original 
stock,  and  a  second  (b)  less  well  adapted  to 
them.  Then  it  is  no  less  certain  that  the  con- 
ditions in  question  must  exercise  a  selective 
influence  in  favor  of  (a)  and  against  (b),  so 
that  (a)  will  tend  to  predominance,  and  (b)  to 
extirpation. 

That  M.  Flourens  should  be  unable  to  per- 
ceive the  logical  necessity  of  these  simple 


illustration  ;  or,  on  the  other  hand,  as  if  the 
intelligence  of  u  gardener  had  been  operative 
in  cutting  the  weaker  organisms  down.  The 
thistle,  which  has  spread  over  the  pampas, 
to  the  destruction  of  native  plants,  has  been 
more  effectually  "  selected"  by  the  uncon- 
scious operation  of  natural  conditions  than 
if  a  thousand  agriculturists  had  spent  their 
time  in  sowing  it. 

It  is  one  of  Mr.  Darwin's  many  great  scr 
vices  to  biological  science  that  he  has  dem 
onstrated  the  significance  of  these  facts 
He  has  shown  that — given  variation  and 
given  change  of  conditions — the  inevitable 


arguments  which  lie  at  the  foundation  of  all     result  is  the  exercise  of   such  an  influence 
Mr.  Darwin's  reasoning  ;  that hejBhould  con-     upon    organisms    that    one    is    helped  and 


found  an  irrefragible  deduction  from  the  ob- 
served relations  of  organisms  to  the  condi- 
tions which  lie  around  them,  with  a  meta- 
physical "  forme  substantielle,"  or  a  chimeri- 
cal personification  of  the  powers  of  nature, 
would  be  incredible,  were  it  not  that  other 
passages  of  his  work  leave  no  room  for  doubt 
upon  the  subject. 

"  On  imagine  une  Election  natureUe  que, 
pour  plus  de  management,  on  me  dit  etre 
inconsciente,  sans  s'apercevoir  que  le  contre- 
seus  litteral  est  precisement  la :  election  in- 
consciente" (p.  52). 

"  J'ai  deja  dit  ce  qu'il  fautpenser  de  I'elec- 
tio  natureUe.  Ou  I'etection  natureUe  n'est 
rien,  ou  c'est  la  nature  :  mais  la  nature  douee 
d'elfctwn,  mais  ia  nature  personnifiee  ;  der- 
niereerreur  du  dernier  siecle  :  Le  xix  ne  fait 
plus  de  personnifications"  (p.  53). 

M.  Flourens  cannot  imagine  an  uncon- 
scious seluctiou — it  is  for  him  a  contradiction 
ia  terms.  Dui  M.  Flourens  ever  visit  one  of 
the  prettiest  watering-places  of  "  la  belle 
France,"  the  Baie  d'Arcachon  ?  If  so,  he 
will  probab'y  have  passed  through  the  district 
of  the  Landes,  and  will  have  had  an  oppor- 
tunity of  observing  the  formation  of 
"  dunes"  on  a  grand  scale.  What  are  these 
"  dunes  ?''  The  winds  and  waves  of  the  Bay 
of  Biscay  have  not  much  consciousness,  and 
yet  they  have  with  great  care  "  selected," 
from  among  an  infinity  of  masses  of  silex  of 
all  shapes  and  sizes,  which  have  been  sub- 
mitted to  their  action,  all  the  grains  of  sand 
below  a  certain  size,  and  have  heaped  them 
by  themselves  over  a  great  area.  This  sand 


another  is  impeded  ;  one  tends  to  predomi- 
nate, another  to  disappear  ;  and  thus  the  liv- 
ing world  bears  within  itself,  and  is  sur 
rounded  by  impulses  toward  incessant 
change. 

But  the  truths  just  stated  are  as  certain  as 
any  other  physical  laws,  quite  independently 
of  the  truth,  or  falsehood,  of  the  hypothesis 
which  Mr.  Darwin  has  based  upon  them 
and  that  M.  Floureus,  missing  the  substanct 
and  grasping  at  a  shadow,  should  be  blind  to 
the  admirable  exposition  of  them,  which  Mr. 
Darwin  has  given,  and  see  nothing  there  but 
a  "  derniere  erreur  du  dernier  siecle — a  per- 
sonification of  nature — leads  us  indeed  to  cry 
with  him  :  O  lucidite  !  Osolidite  del'esprit 
Francois,  que  devenez.-vous  ? 

M.  Flourens  has,  in  fact,  utterly  failed  to 
comprehend  the  first  principles  of  the  doc 
trine  which  he  assails  so  rudely.  His  objec- 
tions to  details  are  of  the  old  sort,  so  battered 
and  hackneyed  on  this  side  of  the  Channel 
that  not  even  a  Quarterly  Reviewer  could  be 
induced  to  pick  them  up  for  the  purpose  of 
pelting  Mr.  Darwin  over  again.  We  have 
Cuvier  and  the  mummies  ;  M.  Roulin  and 
the  domesticated  animals  of  America  ;  the 
difficulties  presented  by  hybridism  and  by 
palaeontology  ;  Darwinism  a  rifnctiamento  of 
De  Maillet  and  Lamarck  ;  Darwinism  a  sys- 
tem without  a  commencement,  and  its  author 
bound  to  believe  in  M.  Pouchet,  etc.,  etc. 
How  one  knows  it  all  by  heart,  and  with 
what  relief  one  reads  at  p.  65, 

"  Je  laisse  M.  Darwin  !" 
But  we  cannot  leave  M.  Flourens  without 


has  been    "unconsciously    selected"    from     calling  our  reader's  attention  to  his  wonder- 
rhich  it  first  lay  with  as     ful  tenth  chapter,  "  De  la  Preexistence  des 


amid  the  gravel  in  which 
much  precision  as  if  man  had  ' '  consciously 
selected"  it  by  the  aid  of  a  sieve.  Physical 
geology  is  full  of  such  selections — of  the  pick- 
ing out  of  the  soft  from  the  hard,  of  the  sol- 
uble from  the  insoluble,  of  the  fusible  from 
the  infusible,  by  natural  agencies  to  which 
we  are  certainly  not  in  the  habit  of  ascribing 
consciousness. 

But  that  which  wind  and  sea  are  to  a  sandy 
beach,  the  sum  of  influences,  which  we  term 
the  "conditions  of  existence,"  is  to  living 
organisms.  The  weak  are  sifted  out  from 
the  strong.  A  frosty  night  "selects"  the 
hardy  plants  in  a  plantation  from  among  the 
tender  ones  as  effectually  as  if  it  were  the 
•wind,  and  they,  the  sand  and  pebbles,  of  our 
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Germes  et  de  1'Epigenese,  which  opens 
thus  : 

"  Spontaneous  generation  is  only  a  chi- 
mera. This  point  established,  two  hypotheses 
remain — that  of  pre-existence  and  that  of  epi- 
ffenests.  The  one  of  these  hypotheses  has  as 
little  foundation  as  the  other  (p.  163). 

"  The  doctrine  of  epigenesis  is  derived  from 
Harvey  :  following  by  ocular  inspection  the 
development  of  the  new  being  in  the  Wind- 
sor does,  he  saw  each  part  appear  success- 
ively, and  taking  the  moment  of  appearance 
for  the  moment  of  formation  he  imagined 
epigenesis  (p.  165.) 

On  the  contrary,  says  M.  Flourens  (p.  167) : 

"  The  new  being  is  formed  at  a  stroke  (tout 
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fun  coup),  as  a  whole  instantaneously  ;  it  is 
not  formed  part  by  part,  and  at  different 
timps.  It  is  formed  at  once  ;  it  is  formed  at 
the  single  individual  momptit  art  which  the 
conjunction  of  the  male  and  female  elements 
takes  place." 

It  will  be  observed  that  M.  Flourens  uses 
language  which  cannot  be  mistaken.  For 
him,  the  labors  of  Von  Baer,  of  Rathke,  of 
Coste,  and  their  contemporaries  and  succes- 
sors in  Germany,  France,  and  England,  are 
noh-existent  ;  and,  as  Darwin  "  imagina" 
natural  selection,  so  Harvey  "imagina"  that 
doctrine  which  gives  him  an  even  greater 
claim  to  the  veneration  of  posterity  than  his 
better-known  discovery  of  the  circulation  of 
the  blood. 

Language  such  as  that  we  have  quoted  is, 
in  fact,  so  preposterous,  so  utterly  incompati- 
ble with  anything  but  absolule  ignorance  of 
some  of  the  best  established  facts,  that  we 
should  have  oassed  it  over  in  silence  had  it 


not  appeared  to  afford  some  clew  toM.  Flou- 
rens's  unhesitating,  a  priori,  repudiation  of 
all  forms  of  the  doctrine  of  the  progressive 
modification  of  living  beings.  He  whos« 
mind  remains  uninfluenced  by  an  acquaint- 
ance with  the  phenomena  of  development 
must  indeed  lack  one  of  the  chief  motives 
toward  the  endeavor  to  trace  a  genetic  rela- 
tion between  the  different  existing  forms  of 
life.  Those  who  are  ignorant  of  geology 
find  no  difficulty  in  believing  that  the  world 
was  made  as  it  is  ;  and  the  shepherd,  un- 
tutored in  history,  sees  no  reason  to  regard 
the  green  mounds  which  indicate  the  site  of 
a  Roman  camp  as  aught  but  part  and  parcel 
of  the  primeval  hillside.  So  M.  Flourens 
.  who  believes  that  embryos  are  formed  "  tout 
d'un  coup,"  naturally  tinus  no  difficulty  \jt 
conceiving  that  species  came  into  existence 
in  the  same  way. 
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THE  GENESIS  OF  SCIENCE. 

THERE  has  ever  prevailed  among 
men  a  vague  notion  that  scientific 
Knowledge  differs  in  nature  from  or- 
dinary knowledge.  By  the  Greeks, 
with  whom  Mathematics — literally 
things  learnt — was  alone  considered 
as  knowledge  proper,  the  distinction 
must  have  been  strongly  felt ;  and  it 
has  ever  since  maintained  itself  in  the 
general  mind.  Though,  considering 
the  contrast  between  the  achieve- 
ments of  science  and  those  of  daily 
un methodic  thinking,  it  is  not  sur- 
prising that  such  a  distinction  has 
been  assumed  ;  yet  it  needs  but  to 
rise  a  little  above  the  common  point 
of  view,  to  see  that  no  such  distinction 
can  really  exist ;  or  that  at  best  it 
is  but  a  superficial  distinction.  The 
same  faculties  are  employed  in  both 
cases ;  and  in  both  cases  their  mode 
of  operation  is  fundamentally  the 
same. 

If  we  say  that  science  is  organized 
knowledge,  we  are  met  by  the  truth 
•hat  all  knowledge  is  organized  in  a 
greater  or  less  degree — that  the  com- 
monest actions  of  the  household  and 
'.he  field  presuppose  facts  colligated, 
inferences  drawn,  results  expected ; 
and  that  the  general  success  of  these 
actions  proves  the  data  by  which  they 
were  guided  to  have  been  correctly 
put  together.  If,  again,  we  say  that 
science  is  prevision — is  a  seeing  be- 
forehand— is  a  knowing  in  what  times, 
places,  combinations,  or  sequences 
specified  phenomena  will  be  found, 


we  are  yet  obliged  to  confess  that  the 
definition  includes  much  that  is  utter- 
ly foreign  to  science  in  its  ordinary 
acceptation.  For  example,  a  child's 
knowledge  of  an  apple.  This,  as  far 
as  it  goes,  consists  in  previsions. 
When  a  child  sees  a  certain  form 
and  colors,  it  knows  that  if  it  puts 
out  its  hand  it  will  have  certain  im- 
pressions of  resistance,  and  round- 
ness and  smoothness  ;  and  if  it  bites, 
a  certain  taste.  And  manifestly  its 
general  acquaintance  with  surround- 
ing objects  is  of  like  nature — is  made 
up  of  facts  concerning  them,  so 
grouped  as  that  any  part  of  a  group 
being  perceived,  the  existence  of 
the  other  facts  included  in  it  is  fore- 
seen. 

If,  once  more,  we  say  that  science 
is  exact  prevision,  we  still  fail  to 
establish  the  supposed  difference. 
Not  o'nly  do  we  find  that  much  of 
what  we  call  science  is  not  exact, 
and  that  some  of  it,  as  physiology, 
can  never  become  exact,  but  we 
find  further,  that  many  of  the  pre- 
visions constituting  the  common 
stock  alike  of  wise  and  ignorant 
are  exact.  That  an  unsupported 
body  will  fall ;  that  a  lighted  candle 
will  go  out  when  immersed  in  wa- 
ter; that  ice  will  melt  when  thrown 
on  the  fire — these,  and  many  like  pre- 
dictions relating  to  the  familiar  prop- 
erties of  things,  have  as  high  a  de- 
gree of  accuracy  as  predictions  are 
capable  of.  It  is  true  that  the  results 
predicted  are  of  a  very  general  char- 
acter ;  but  it  is  none  the  less  true  that 
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they  are  rigorously  correct  as  far  as 
they  go  ;  and  this  is  all  that  is  requi- 
site to  fulfill  the  definition.  There  is 
perfect  accordance  between  the  antici- 
pated phenomena  and  the  actual  ones ; 
and  no  more  than  this  can  be  said  of 
the  highest  achievements  of  the  sci- 
ences specially  characterized  as  ex- 
act. 

Seeing  thus  that  the  assumed  dis- 
tinction between  scientific  knowledge 
and  common  knowledge  is  not  logic- 
ally justifiable,  and  yet  feeling,  as 
we  must,  that  however  impossible  it 
may  be  to  draw  a  line  between  them, 
the  two  are  not  practically  identical, 
there  arises  the  question — What  is  the 
relationship  that  exists  between  them  ? 
A  partial  answer  to  this  question  may 
be  drawn  from  the  illustrations  just 
given.  On  reconsidering  them,  it  will 
be  observed  that  those  portions  of 
ordinary  knowledge  which  are  identi- 
cal in  character  with  scientific  knowl- 
edge, comprehend  only  such  combina- 
tions of  phenomena  as  are  directly 
cognizable  by  the  senses,  and  are  of 
simple,  invariable  nature.  That  the 
smoke  from  a  fire  which  she  is  light- 
ing will  ascend,  and  that  the  fire  will 
presently  boil  water,  are  previsions 
which  the  servant-girl  makes  equally 
well  with  the  most  learned  physicist ; 
they  are  equally  certain,  equally  ex- 
act with  his ;  but  they  are  previsions 
concerning  phenomena  in  constant 
and  direct  relation — phenomena  that 
follow  visibly  and  immediately  after 
their  antecedents — phenomena  of 
which  the  causation  is  neither  remote 
nor  obscure — phenomena  which  may 
be  predicted  by  the  simplest  possible 
act  of  reasoning. 

If,  now,  we  pass  to  the  previsions 
constituting  what  is  commonly  known 
as  science — that  an  eclipse  of  the 
moon  will  happen  at  a  specified  time  j 
and  when  a  barometer  is  taken  to  the 
top  of  a  mountain  of  known  height,  the 
mercurial  column  will  descend  a  stated 
number  of  inches ;  that  the  poles  of  a 
galvanic  battery  immersed  in  water  will 
give  off,  the  one  an  inflammable  and 
the  other  an  inflaming  gas,  in  definite 
ratio — we  perceive  that  the  relations 


involved  are  not  of  a  kind  habitually 
presented  to  our  senses ;  that  they  de- 
pend, some  of  them  upon  special  com- 
binations of  causes,  and  that  in  some 
of  them  the  connection  between  ante- 
cedents and  consequents  is  established 
only  by  an  elaborate  series  of  infer- 
ences. The  broad  distinction,  there- 
fore, between  the  two  orders  of  knowl- 
edge is  not  in  their  nature,  but  in 
their  remoteness  from  perception. 

If  we  regard  the  cases  in  their  most 
general  aspect,  we  see  that  the  labor- 
er, who,  on  hearing  certain  notes  in 
the  adjacent  hedge,  can  describe  the 
particular  form  and  colors  of  the  bird 
making  them ;  and  the  astronomer, 
who,  having  calculated  a  transit  of 
Venus,  can  delineate  the  black  spot 
entering  on  the  sun's  disk,  as  it  will 
appear  through  the  telescope,  at  a  spe- 
cified hour,  do  essentially  the  same 
thing.  Each  knows  that  on  fulfilling 
the  lequisite  conditions,  he  shall  have 
a  preconceived  impression — that  after 
a  definite  series  of  actions  will  come 
a  group  of  sensations  of  a  foreknown 
kind.  The  difference,  then,  is  not  in 
the  fundamental  character  of  the  men- 
tal acts,  or  in  the  correctness  of  the 
previsions  accomplished  by  them,  but 
in  the  complexity  of  the  processes 
required  to  achieve  the  previsions. 
Much  of  our  commonest  knowledge 
is,  as  far  as  it  goes,  rigorously  precise. 
Science  does  not  increase  this  pre- 
cision ;  cannot  transcend  it.  What 
then  does  it  do?  It  reduces  other 
knowledge  to  the  same  degree  of  pre- 
cision. That  certainty  which  direct 
perception  gives  us  respecting  co-ex- 
istences and  sequences  of  the  simplest 
and  most  accessible  kind,  science  gives 
us  respecting  co-existences  and  se- 
quences, complex  in  their  depend- 
encies or  inaccessible  to  immediate 
observation.  In  brief,  regarded  from 
this  point  of  view,  science  may  be 
called  an  extension  of  the  perceptions  by 
means  of  reasoning. 

On  further  considering  the  matter, 
however,  it  will  perhaps  be  felt  that 
this  definition  does  not  express  the 
whole  fact — that  inseparable  as  sci- 
ence may  be  from  common  knowl- 
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edge,  and  completely  as  we  may  fill 
up  the  gap  between  the  simplest  pre- 
visions of  the  child  and  the  most  re- 
condite ones  of  the  natural  philoso- 
pher, by  interposing  a  series  of  pre- 
visions in  which  the  complexity  of  rea- 
soning involved  is  greater  and  greater, 
there  is  yet  a  difference  between  the 
two  beyond  that  which  is  here  de- 
scribed. And  this  is  true.  But  the 
difference  is  still  not  such  as  enables 
us  to  draw  the  assumed  line  of  deinar- 
kation.  It  is  a  difference  not  between 
common  knowledge  and  scientific 
knowledge,  but  between  the  successive 
phases  of  science  itself,  or  knowledge 
itself — whichever  we  choose  to  call  it. 
In  its  earlier  phases  science  attains 
only  to  certainty  of  foreknowledge ; 
in  its  later  phases  it  further  attains  to 
completeness.  We  begin  by  discovering 
a  relation  :  we  end  by  discovering  the 
relation.  Our  first  achievement  is  to 
foretell  the  kind  of  phenomenon  which 
will  occur  under  specific  conditions : 
our  last  achievement  is  to  foretell  not 
only  the  kind  but  the  amount.  Or,  to 
reduce  the  proposition  to  its  most 
definite  form — undeveloped  science  is 
qualitative  prevision :  developed  sci- 
ence is  quantitative  prevision. 

This  will  at  once  be  perceived  to 
express  the  remaining  distinction  be- 
tween the  lower  and  the  higher  stages 
of  positive  knowledge.  The  predic- 
tion that  a  piece  of  lead  will  take 
more  force  to  lift  it  than  a  piece  of 
wood  of  equal  size,  exhibits  certainty, 
but  not  completeness,  of  foresight. 
The  kind  of  effect  in  which  the  one 
body  will  exceed  the  other  is  foreseen, 
but  not  the  amount  by  which  it  will 
exceed.  There  is  qualitative  pre- 
vision only.  On  the  other  hand,  the 
prediction  that  at  a  stated  time  two 
particular  planets  will  be  in  conjunc- 
tion ;  that  by  means  of  a  lever,  having 
arms  in  a  given  ratio,  a  known  force 
will  raise  just  so  many  pounds  :  that 
to  decompose  a  specified  quantity  of 
sulphate  of  iron  by  carbonate  of  soda 
will  require  so  many  grains — these  pre- 
dictions exhibit  foreknowledge,  not 
only  of  the  nature  of  the  effects  to  be 
produced,  but  of  the  magnitude, 


either  of  the  effects  themselves,  of 
the  agencies  producing  them,  or  of 
the  distance  in  time  or  space  at  which 
they  will  be  produced.  There  is  not 
only  qualitative  but  quantitative  pre- 
vision. 

And  this  is  the  unexpressed  differ- 
ence which  leads  us  to  consider  certain 
orders  of  knowledge  as  especially  scien- 
tific when  contrasted  with  knowledge 
in  general.  Are  the  phenomena  meas- 
urable? is  the  test  which  we  uncon- 
sciously employ.  Space  is  measur- 
able :  hence  Geometry.  Force  and 
space  are  measurable  :  hence  Statics. 
Time,  force,  and  space  are  measura- 
ble :  hence  Dynamics.  The  invention 
of  the  barometer  enabled  men  to  ex- 
tend the  principles  of  mechanics  to 
the  atmosphere  ;  and  Aerostatics  ex- 
isted. When  a  thermometer  was  de- 
vised there  arose  a  science  of  heat, 
which  was  before  impossible.  Such 
of  our  sensations  as  we  have  not  yet 
found  modes  of  measuring  do  not 
originate  sciences.  We  have  no  sci- 
ence of  smells  ;  nor  have  we  one  of 
tastes.  We  have  a  science  of  the  re- 
lations of  sounds  differing  in  pitch,  be- 
cause we  have  discovered  a  way  to 
measure  them  ;  but  we  have  no  science 
of  sounds  in  respect  to  their  loudness 
or  their  timbre,  because  we  have  got 
no  measures  of  loudness  and  timbre. 

Obviously  it  is  this  reduction  of  the 
sensible  phenomena  it  represents,  to 
relations  of  magnitude,  which  gives  to 
any  division  of  knowledge  its  espe- 
cially scientific  character.  Originally 
men's  knowledge  of  weights  and  forces 
was  in  the  same  condition  as  their 
knowledge  of  smells  and  tastes  is  now 
— a  knowledge  not  extending  beyond 
that  given  by  the  unaided  sensations ; 
and  it  remained  so  until  weighing 
instruments  and  dynamometers  were 
invented.  Before  there  were  hour- 
glasses and  clepsydras,  most  phenom- 
ena could  be  estimated  as  to  their  du- 
rations and  intervals,  with  no  greater 
precision  than  degrees  of  hardness 
can  be  estimated  by  the  fingers.  Un- 
til a  thermometric  scale  was  contrived, 
men's  judgments  respecting  relative 
amounts  of  heat  stood  on  the  same 
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footing  with  their  present  judgments 
respecting  relative  amounts  of  sound. 
And  as  in  these  initial  stages,  with  no 
aids  to  observation,  only  the  roughest 
comparisons  of  cases  could  be  made, 
and  only  the  most  marked  differences 
perceived ;  it  is  obvious  that  only  the 
most  simple  laws  of  dependence  could 
be  ascertained — only  those  laws  which 
being  uncomplicated  with  others,  and 
not  disturbed  in  their  manifestations, 
required  no  niceties  of  observation  to 
disentangle  them.  Whence  it  appears 
not  only  that  in  proportion  as  knowl- 
edge becomes  quantitative  do  its  pre- 
visions become  complete  as  well  as 
certain,  but  that  until  its  assumption 
of  a  quantitative  character  it  is  neces- 
sarily confined  to  the  most  elementary 
relations. 

Moreover  it  is  to  be  remarked  that 
while,  on  the  one  hand,  we  can  dis- 
cover the  laws  of  the  greater  propor- 
tion of  phenomena  only  by  investigat- 
ing them  quantitatively;  on  the  other 
hand  we  can  extend  the  range  of  our 
quantitative  previsions  only  as  fast  as 
we  detect  the  laws  of  the  results  we 
predict.  For  clearly  the  ability  to 
specify  the  magnitude  of  a  result  in- 
accessible to  direct  measurement  im- 
plies knowledge  of  its  mode  of  depend- 
ence on  something  which  can  be  meas- 
ured— implies  that  we  know  the  par- 
ticular fact  dealt  with  to  be  an  instance 
of  some  more  general  fact.  Thus  the 
extent  to  which  our  quantitative  pre- 
visions have  been  carried  in  any  direc- 
tion indicates  the  depth  to  which  our 
knowledge  reaches  in  that  direction. 
And  here,  as  another  aspect  of  the 
same  fact,  we  may  further  observe 
that  as  we  pass  from  qualitative  to 
quantitative  prevision,  we  pass  from 
inductive  science  to  deductive  science. 
Science  while  purely  inductive  is 
purely  qualitative ,  when  inaccurately 
quantitative  it  usually  consists  of  part 
induction,  part  deduction  ;  and  it  be- 
comes accurately  quantitative  only 
when  wholly  deductive.  We  do  not 
mean  that  the  deductive  and  the 
quantitative  are  co-extensive  ;  for  there 
is  manifestly  much  deduction  that  is 
qualitative  only.  We  mean  that  all 


quantitative  prevision  is  reached  de- 
ductively ;  and  that  induction  can 
achieve  only  qualitative  prevision. 

Still,  however,  it  must  not  be  sup- 
posed that  these  distinctions  enable 
us  to  separate  ordinary  knowledge 
from  science  ;  much  as  they  seem  to 
do  so.  While  they  show  in  what  con- 
sists the  broad  contrast  between  the 
extreme  forms  of  the  two,  they  yet 
lead  us  to  recognize  their  essential 
identity;  and  once  more  prove  the 
difference  to  be  one  of  degree  only. 
For,  on  the  one  hand,  the  commonest 
positive  knowledge  is  to  some  extent 
quantitative  ;  seeing  that  the  amount 
of  the  foreseen  result  is  known  within 
certain  wide  limits.  And,  on  the 
other  hand,  the  highest  quantitative 
prevision  does  not  reach  the  exact 
truth,  but  only  a  very  near  approxi- 
mation to  it.  Without  clocks  the 
savage  knows  that  the  day  is  longer  in 
the  summer  than  in  the  winter ;  with- 
out scales  he  knows  that  stone  is 
heavier  than  flesh  :  that  is,  he  can 
foresee  respecting  certain  results  that 
their  amounts  will  exceed  these,  and 
be  less  than  those — he  knows  about 
what  they  will  be.  And,  with  his 
most  delicate  instruments  and  most 
elaborate  calculations,  all  that  the  man 
of  science  can  do,  is  to  reduce  the  dif- 
ference between  the  foreseen  and  the 
actual  results  to  an  unimportant  quan- 
tity. 

Moreover,  it  must  be  borne  in  mind 
not  only  that  all  the  sciences  are  qual- 
itative in  their  first  stages, — not  only 
that  some  of  them,  as  Chemistry,  have 
but  recently  reached  the  quantitative 
stage — but  that  the  most  advanced 
sciences  have  attained  to  their  present 
power  of  determining  quantities  not 
present  to  the  senses,  or  not  directly 
measurable,  by  a  slow  process  of  im- 
provement extending  through  thou- 
sands of  years.  So  that  science 
and  the  knowledge  of  the  uncultured 
are  alike  in  the  nature  of  their  pre- 
visions, widely  as  they  differ  in  range  ; 
they  possess  a  common  imperfection, 
though  this  is  immensely  greater  in 
the  last  than  in  the  first :  and  the  tran- 
sition from  the  one  to  the  other  has 
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been  through  a  series  of  steps  by 
which  the  imperfection  has  been  ren- 
dered continually  less,  and  the  range 
continually  wider. 

These  facts,  that  science  and  the 
positive  knowledge  of  the  uncultured 
cannot  be  separated  in  nature,  and 
that  the  one  is  but  a  perfected  and  ex- 
tended form  of  the  other,  must  neces- 
sarily underlie  the  whole  theory  of  sci- 
ence, its  progress,  and  the  relations  of 
its  parts  to  each  other.  There  must 
be  serious  incompleteness  in  any  his- 
tory of  the  sciences,  which,  leaving 
out  of  view  the  first  steps  of  their  gen- 
esis, commences  with  them  only  when 
they  assume  definite  forms.  There 
must  be  grave  defects,  if  not  a  gen- 
eral untruth,  in  a  philosophy  of  the 
sciences  considered  in  their  inter- 
dependence and  development,  which 
neglects  the  inquiry  how  they  came  to 
be  distinct  sciences,  and  how  they 
were  severally  evolved  out  of  the 
chaos  of  primitive  ideas. 

Not  only  a  direct  consideration  of 
the  matter,  but  all  analogy,  goes  to 
show  that  in  the  earlier  and  simpler 
stages  must  be  sought  the  key  to  all 
subsequent  intricacies.  The  time  was 
when  the  anatomy  and  physiology  of 
the  human  being  were  studied  by 
themselves — when  the  adult  man  was 
analyzed  and  the  relations  of  parts 
and  of  functions  investigated,  without 
reference  either  to  the  relations  ex- 
hibited in  the  embryo  or  to  the  homol- 
ogous relations  existing  in  other  creat- 
ures. Now,  however,  it  has  become 
manifest  that  no  true  conceptions,  no 
true  generalizations,  are  possible  un- 
der such  conditions.  Anatomists  and 
physiologists  now  find  that  the  real 
natures  of  organs  and  tissues  can  be 
ascertained  only  by  tracing  their  early 
evolution ;  and  that  the  affinities  be- 
tween existing  genera  can  be  satisfac- 
torily made  out  only  by  examining  the 
fossil  genera  to  which  they  are  allied. 
Well,  is  it  not  clear  that  the  like  must 
be  true  concerning  all  things  that  un- 
dergo development  ?  Is  not  science 
a  growth  ?  Has  not  science,  too,  its 
embryology  ?  And  must  not  the  neg- 
lect of  its  embryology  lead  to  a  mis- 


understanding of  the  principles  of  its 
evolution  and  of  its  existing  organiza- 
tion ? 

There  are  a  priori  reasons,  there- 
fore, for  doubting  the  truth  of  all  phi- 
losophies of  the  sciences  which  tacitly 
proceed  upon  the  common  notion  that 
scientific  knowledge  and  ordinary 
knowledge  are  separate  ;  instead  of 
commencing,  as  they  should,  by  affili- 
ating the  one  upon  the  other,  and 
showing  how  it  gradually  came  to  be 
distinguishable  from  the  other.  We 
may  expect  to  find  their  generaliza- 
tions essentially  artificial ;  and  we 
shall  not  be  deceived.  Some  illustra- 
tions of  this  may  here  be  fitly  intro- 
duced, by  way  of  preliminary  to  a 
sketch  of  the  genesis  of  science  from 
the  point  of  view  indicated.  And  we 
cannot  more  readily  find  such  illustra- 
tions than  by  glancing  at  a  few  of  the 
various  classifications  of  the  sciences 
that  have  from  time  to  time  been  pro- 
posed. To  consider  all  of  them  would 
take  too  much  space  :  we  must  content 
ourselves  with  some  of  the  latest. 

Commencing  with  those  which  may 
be  soonest  disposed  of,  let  us  notice 
first  the  arrangement  propounded  by 
Oken.  An  abstract  of  it  runs  thus  : — 

Part  I.  MATHESIS. — Pneumatogeny  : 
Primary  Art,  Primary  Conscious- 
ness, God,  Primary  Rest,  Time, 
Polarity,  Motion,  Man,  Space, 
Point,  Line,  Surface,  Globe,  Rota- 
tion.— Hylogeny :  Gravity,  Matter, 
Ether,  Heavenly  Bodies,  Light, 
Heat,  Fire. 

(He  explains  that  MATHESIS  is 
the  doctrine  of  the  whole  ;  Pneu- 
matogeny being  the  doctrine  of  im- 
material totalities,  and  Hylogeny 
that  of  material  totalities.) 

Part  II.  ONTOLOGY. —  Cosmogeny : 
Rest,  Center,  Motion,  Line,  Planets, 
Form,  Planetary  System,  Com- 
ets.— Stochiogeny  :  Condensation, 
Simple  Matter,  Elements,  Air,  Wa- 
ter, Earth. — Stbchiology:  Functions 
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of  the  Elements,  etc.,  etc.— -King- 
doms of  Nature :  Individuals. 

(He  says  in  explanation  that 
"  ONTOLOGY  teaches  us  the  phe- 
nomena of  matter.  The  first  of 
these  are  the  heavenly  bodies  com- 
prehended by  Cosmogeny.  These 
divide  into  elements — Stbchiogeny. 
The  earth  element  divides  into  min 
erals — Mineralogy.  These  unite 
into  one  collective  body — Geogeny. 
The  whole  irt  singulars  is  the  living, 
or  Organic,  which  again  divides  in- 
to plants  and  animals.  Biology* 
therefore,  divides  into  Organogcny, 
Phytosophy,  Zoosophy") 

FIRST  KINGDOM. — MINERALS. 
Mineralogy,  Geology. 

Part  III.  BIOLOGY. — Organosophy, 
Phytogeny,  Phyto-physiology,  Phy- 
tology,  Zoogeny,  Physiology,  Zoology, 
Psychology. 

A  glance  over  this  confused 
scheme  shows  that  it  is  an  attempt 
to  classify  knowledge,  not  after  the 
order  in  which  it  has  been,  or  may 
be,  built  up  in  the  human  conscious- 
ness ;  but  after  an  assumed  order  ol 
creation.  It  is  a  pseudo-scientific 
cosmogony,  akin  to  those  which  men 
have  enunciated  from  the  earlies 
times  downward ;  and  only  a  lit- 
tle more  respectable.  As  such  it 
will  not  be  thought  worthy  of  much 
consideration  by  those  who,  like  our 
selves,  hold  that  experience  is  the 
sole  origin  of  knowledge.  Other 
wise,  it  might  have  been  needful  to 
dwell  on  the  incongruities  of  the  ar 
rangements — to  ask  how  motion  can 
be  treated  of  before  space  ?  how  then 
can  be  rotation  without  matter  to  ro 
tate  ?  how  polarity  can  be  dealt  wit! 
without  involving  points  and  lines 
But  it  will  serve  our  present  purpose 
just  to  point  out  a  few  of  the  extrem 
absurdities  resulting  from  the  doc 
trine  which  Oken  seems  to  hold  ir 
common  with  Hegel,  that  •"  to  phi 
losophize  on  Nature  is  to  re-think  th 
great  thought  of  Creation."  Here  i 
a  sample : 


"  Mathematics     is    the    universal 
cience  ;  so  also  is  Physio-philosophy, 
although  it  is  only  a  part,  or  rather 
ut  a  condition  of  the  universe ;  both 
are  one,  or  mutually  congruent. 

"  Mathematics  is,  however,  a  science 
of    mere    forms    without    substance, 
hysio-philosophy  is,  therefore,  mathe- 
matics endowed  with  substance." 

From  the  English  point  of  view  it 
s  sufficiently  amusing  to  find  such  a 
dogma  not  only  gravely  stated,  but 
tated  as  an  unquestionable  truth. 
Here  we  see  the  experiences  of  quan- 
titative relations  which  men  have 
gathered  from  surrounding  bodies 
and  generalized  (experiences  which 
had  been  scarcely  at  all  generalized 
at  the  beginning  of  the  historic 
period) — we  find  these  generalized 
xperiences,  these  intellectual  abstrac- 
tions, elevated  into  concrete  actuali- 
ties, projected  back  into  Nature,  and 
considered  as  the  internal  frame-work 
of  things — the  skeleton  by  which 
matter  is  sustained.  But  this  new 
form  of  the  old  realism  is  by  no 
means  the  most  startling  of  the  phys- 
io-philosophic principles.  We  pres- 
ently read  that — 

"The  highest  mathematical  idea 
or  the  fundamental  principle  of  all 
mathematics  is  the  zero  =  o."  *  * 
"  Zero  is  in  itself  nothing.  Math- 
ematics is  based  upon  nothing,  and, 
consequently,  arises  out  of  nothing. 

"  Out  of  nothing,  therefore,  it  is 
possible  for  something  to  arise ;  for 
mathematics,  consisting  of  proposi- 
tions, is  something,  in  relation  to 
o.'' 

By  such  "  consequentlys "  and 
"  therefores  "  it  is,  that  men  philoso- 
phize when  they  "  re-think  the  great 
thought  of  creation."  By  dogmas 
that  pretend  to  be  reasons,  nothing 
is  made  to  generate  mathematics; 
and  by  clothing  mathematics  with 
matter,  we  have  the  universe !  If 
now  we  deny,  as  we  do  deny,  that  the 
highest  mathematical  idea  is  the 
zero  •, — if,  on  the  other  hand,  we 
assert,  as  we  do  assert,  that  the  fun- 
damental idea  underlying  all  math- 
ematics is  that  of  equality,  the 
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whole  of  Oken's  cosmogony  disappears. 
And  here,  indeed,  we  may  see  illus- 
trated the  distinctive  peculiarity  of 
the  German  method  of  procedure  in 
these  matters — the  bastard  a  priori 
method,  as  it  may  be  termed.  The 
legitimate  a  priori  method  sets  out 
with  propositions  of  which  the  nega- 
tion is  inconceivable  ;  the  d  priori 
method  as  illegitimately  applied,  sets 
out  either  with  propositions  of  which 
the  negation  is  not  inconceivable,  or 
with  propositions  like  Oken's,  of 
which  the  affirmation  is  inconceivable. 

It  is  needless  to  proceed  further 
with  the  analysis;  else  might  we 
detail  the  steps  by  which  Oken 
arrives  at  the  conclusions  that  "the 
planets  are  coagulated  colors,  for 
they  are  coagulated  light  •  that  the 
sphere  is  the  expanded  nothing:" 
that  gravity  is  "  a  weighty  nothing, 
a  heavy  essence,  striving  toward  a 
center ; "  that  "  the  earth  is  the  iden- 
tical, water  the  indifferent,  air  the 
different ;  or  the  first  the  center,  the 
second  the  radius,  the  last  the  periph- 
ery of  the  general  globe  or  of  fire.  " 
To  comment  on  them  would  be 
nearly  as  absurd  as  are  the  proposi- 
tions themselves.  Let  us  pass  on  to 
another  of  the  German  systems  of 
knowledge — that  of  Hegel, 

The  simple  fact  that  Hegel  puts 
Jacob  Boehme  on  a  par  with  Bacon, 
suffices  alone  to  show  that  his  stand- 
point is  far  remote  from  the  one 
usually  regarded  as  scientific  :  so  far 
remote,  indeed,  that  it  is  not  easy  to 
find  any  common  basis  on  which  to 
found  a  criticism.  Those  who  hold 
that  the  mind  is  moulded  into  con- 
formity with  surrounding  things  by 
the  agency  of  surrounding  things,  are 
necessarily  at  a  loss  how  to  deal  with 
those,  who  like  Schelling  and  Hegel 
assert  that  surrounding  things  are  so- 
lidified mind — that  nature  is  "  petri- 
fied intelligence."  However,  let  us 
briefly  glance  at  Hegel's  classifica- 
tion. He  divides  philosophy  into 
three  parts  : — 

i.  Logic,  or  the  science  of  the  idea  in 
itself,  the  pure  idea. 


2.  The  Philosophy  of  Nature^  or  the 
science  of  the  idea  considered  under 
its  other  form— of  the  idea  as  Na- 
ture. 

3.  The  Philosophy  of  the  Mind,  or 
the  science  of  the  idea  in  its  return  to 
itself. 

Of  these,  the  second  is  divided  into 
the  natural  sciences,  commonly  so 
called;  so  that  in  its  more  detailed 
form  the  series  runs  thus  : — Logic, 
Mechanics,  Physics,  Organic  Physics, 
Psychology. 

Now  if  we  believe  with  Hegel,  first, 
that  thought  is  the  true  essence  of 
man ;  second,  that  thought  is  the  es- 
sence of  the  world ;  and  that,  there- 
fore, there  is  nothing  but  thought, 
his  classification,  beginning  with  the 
science  of  pure  thought,  may  be  ac- 
ceptable. But  otherwise,  it  is  an  ob- 
vious objection  to  his  arrangement, 
that  thought  implies  things  thought 
of — that  there  can  be  no  logical  forms 
without  the  substance  of  experi- 
ence— that  the  science  of  ideas  and 
the  science  of  things  must  have  a 
simultaneous  origin.  Hegel,  how- 
ever, anticipates  this  objection,  and 
in  his  obstinate  idealism,  replies,  that 
the  contrary  is  true ;  that  all  con- 
tained in  the  forms,  to  become  some- 
thing, requires  to  be  thought;  and 
that  logical  forms  are  the  founda- 
tions of  all  things. 

It  is  not  surprising  that,  starting 
from  such  premises,  and  reasoning 
after  this  fashion,  Hegel  finds  his 
way  to  strange  conclusions.  Out  of 
space  and  time  he  proceeds  to  build 
up  motion,  matter,  repulsion,  attraction^ 
weight,  and  inertia.  He  then  goes  on 
to  logically  evolve  the  solar  system. 
In  doing  this  he  widely  diverges  from 
the  Newtonian  theory ;  reaches  by 
syllogism  the  conviction  that  the 
planets  are  the  most  perfect  celes- 
tial bodies ;  and  not  being  able  to 
bring  the  stars  within  his  theory, 
says  that  they  are  mere  formal  exist* 
ences  and  not  living  matter,  and  that 
as  compared  with  the  solar  system 
they  are  as  little  admirable  as  a  cu- 
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taneous    eruption     or    a    swarm 
flies.* 

Results  so  outrageous  might  be 
left  as  self-disproved,  were  it  not  that 
speculators  of  this  class  are  not 
alarmed  by  any  amount  of  incon- 
gruity with  established  beliefs.  The 
only  efficient  mode  of  treating  sys- 
tems like  this  of  Hegel,  is  to  show 
that  they  are  self-destructive — that 
by  their  first  steps  they  ignore  that 
authority  on  which  all  their  subse- 
quent steps  depend.  If  Hegel  pro- 
fesses, as  he  manifestly  does,  to  de- 
velop his  scheme  by  reasoning — if 
he  presents  successive  inferences  as 
necessarily  following  from  certain 
premises ;  he  implies  the  postulate 
that  a  belief  which  necessarily  follows 
after  certain  antecedents  is  a  true 
belief  •  and,  did  an  opponent  reply  to 
one  of  his  inferences,  that,  though  it 
was  impossible  to  think  the  opposite, 
yet  the  opposite  was  true,  he  would 
consider  the  reply  irrational.  The 
procedure,  however,  which  he  would 
thus  condemn  as  destructive  of  all 
thinking  whatever,  is  just  the  proced- 
ure exhibited  in  the  enunciation  of 
his  own  first  principles. 

Mankind  find  themselves  unable  to 
conceive  that  there  can  be  thought 
without  things  thought  of.  Hegel, 
however,  asserts  that  there  can  be 
thought  without  things  thought  of. 
That  ultimate  test  of  a  true  proposi- 
tion— the  inability  of  the  human  mind 
to  conceive  the  negation  of  it — which 
in  all  other  cases  he  considers  valid, 
he  considers  invalid  where  it  suits 
his  convenience  to  do  so  ;  and  yet  at 
the  same  time  denies  the  right  of  an 
opponent  to  follow  his  example.  If 
it  is  competent  for  him  to  posit  dog- 
mas, which  are  the  direct  negations 
of  what  human  consciousness  recog- 
nizes, then  is  it  also  competent  for 
his  antagonists  to  stop  him  at  every 
step  in  his  argument  by  saying,  that 
though  the  particular  inference  he  is 
drawing  seems  to  his  mind,  and  to  all 


*It  is  somewhat  curious  that  the  author  oi 
"The  Plurality  of  Worlds,"  with  quite  other 
aims,  should  have  persuaded  himself  into 
similar  conclusions. 


minds,  necessarily  to  follow  from  the 
^remises,  yet  it  is  not  true,  but  the 
contrary  inference  is  true.  Or,  to 
state  the  dilemma  in  another  form  :— 
[f  he  sets  out  with  inconceivable 
Depositions,  then  may  he  with  equal 
Dropriety  make  all  his  succeeding 
Dropositions  inconceivable  ones — 
may  at  every  step  throughout  his  rea- 
soning draw  exactly  the  opposite  con- 
clusion to  that  which  seems  involved. 

Hegel's  mode  of  procedure  being 
thus  essentially  suicidal,  the  Hegelian 
classification  which  depends  upon  it, 
falls  to  the  ground.  Let  us  consider 
next  that  of  M.  Comte. 

As  all  his  readers  must  admit,  M. 
Comte  presents  us  with  a  scheme  of 
the  sciences  which,  unlike  the  fore- 
joing  ones,  demands  respectful  con- 
sideration. Widely  as  we  differ  from 
him,  we  cheerfully  bear  witness  to 
the  largeness  of  his  views,  the  clear- 
ness of  his  reasoning,  and  the  value 
of  his  speculations  as  contributing  to 
intellectual  progress.  Did  we  believe 
a  serial  arrangement. of  the  sciences 
to  be  possible,  that  of  M.  Comte 
would  certainly  be  the  one  we  should 
adopt.  His  fundamental  proposi- 
tions are  thoroughly  intelligible  ;  and 
if  not  true,  have  a  great  semblance  of 
truth.  His  successive  steps  are  logic- 
ally co-ordinated;  and  he  supports 
his  conclusions  by  a  considerable 
amount  of  evidence — evidence  which, 
so  long  as  it  is  not  critically  exam- 
ined, or  not  met  by  counter  evidence, 
seems  to  substantiate  his  positions. 
But  it  only  needs  to  assume  that  an- 
tagonistic attitude  which  ought  to  be 
assumed  toward  new  doctrines,  in  the 
belief  that,  if  true,  they  will  pros- 
per by  conquering  objectors — it  needs 
but  to  test  his  leading  doctrines 
either  by  other  facts  than  those 
he  cites,  or  by  his  own  facts  dif- 
ferently applied,  to  at  once  show  that 
they  will  not  stand.  We  will  proceed 
thus  to  deal  with  the  general  princi- 
ple on  which  he  bases  his  hierarchy 
of  the  sciences. 

In  the  second  chapter  of  his  Cours 
de  Philosophic  Positive,  M.  Comte 
says : — "  Our  problem  is,  then,  to  find 
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the  one  rational  order,  amongst  a 
host  of  possible  systems."  .  .  . 
"  This  order  is  determined  by  the 
degree  of  simplicity,  or,  what  comes 
to  the  same  thing,  of  generality  of 
their  phenomena."  And  the  arrange- 
ment he  deduces  runs  thus ;  Mathe- 
matics, Astronomy,  Physics,  Chemis- 
try, Physiology,  Social  Physics.  This 
he  asserts  to  be  "  the  true  filiation  of 
the  sciences."  He  asserts  further,  that 
the  principle  of  progression  from  a 
greater  to  a  less  degree  of  generality, 
"  which  gives  this  order  to  the  whole 
body  of  science,  arranges  the  parts  of 
each  science."  And,  finally,  he  as- 
serts that  the  gradations  thus  estab- 
lished are  a  priori  among  the  sciences, 
and  the  parts  of  each  science,  "  is  in 
essential  conformity  with  the  order 
which  has  spontaneously  taken  place 
among  the  branches  of  natural  philos- 
ophy;" or,  in  other  words  —  corre- 
sponds with  the  order  of  historic  de- 
velopment. 

Let  us  compare  these  assertions 
with  the  facts.  That  there  may  be 
perfect  fairness,  let  us  make  no  choice 
but  take  as  the  field  for  our  compari- 
son the  succeeding  section  treating 
of  the  first  science — Mathematics  ; 
and  let  us  use  none  but  M.  Comte's 
own  facts,  and  his  own  admissions. 
Confining  ourselves  to  this  one  sci- 
ence, of  course  our  comparisons  must 
be  between  its  several  parts.  M. 
Comte  says,  that  the  parts  of  each  sci- 
ence must  be  arranged  in  the  order  of 
their  decreasing  generality ;  and  that 
this  order  of  decreasing  generality 
agrees  with  the  order  of  historic  de- 
velopment. Our  inquiry  must  be, 
then,  whether  the  history  of  mathe- 
matics confirms  this  statement. 

Carrying  out  this  principle,  M. 
Comte  divides  Mathematics  into 
"Abstract  Mathematics,  or  the  Cal- 
culus (taking  the  word  in  its  most  ex- 
tended sense)  and  Concrete  Mathe- 
matics, which  is  composed  of  General 
Geometry  and  of  Rational  Mechan- 
ics." The  subject-matter  of  the  first 
of  these  is  number;  the  subject-mat- 
ter of  the  second  includes  space,  time, 
motion,  force.  The  one  possesses  the 


highest  possible  degree  of  generality  ; 
for  all  things  whatever  admit  of  enu- 
meration. The  others  are  less  gen- 
eral ;  seeing  that  there  are  endless 
phenomena  that  are  not  cognizable 
either  by  general  geometry  or  rational 
mechanics.  In  conformity  with  the 
alleged  law,  therefore,  the  evolution 
of  the  calculus  must  throughout  have 
preceded  the  evolution  of  the  con- 
crete sub-sciences.  Now,  somewhat 
awkwardly  for  him,  the  first  remark 
M.  Comte  makes  bearing  upon  this 
point  is,  that  "from  an  historical 
point  of  view,  mathematical  analysis 
appears  to  have  risen  out  <?/"the  con- 
templation of  geometrical  and  me- 
chanical facts."  True,  he  goes  on  to 
say  that,  "  it  is  not  the  less  indepen- 
dent of  these  sciences  logically  speak- 
ing ;  "  for  that  "  analytical  ideas  are 
above  all  others  universal;  abstract, 
and  simple  and  geometrical  concep- 
tions are  necessarily  founded  on 
them." 

We  will  not  take  advantage  of  this 
last  passage  to  charge  M.  Comte 
with  teaching,  after  the  fashion  of 
Hegel,  that  there  can  be  thought 
without  things  thought  of.  We  are 
content  simply  to  compare  the  two 
assertions,  that  analysis  arose  out  of 
the  contemplation  of  geometrical  and 
mechanical  facts,  and  that  geometri- 
cal conceptions  are  founded  upon  an- 
alytical ones.  Literally  interpreted 
they  exactly  cancel  each  other.  In- 
terpreted, however,  in  a  liberal  sense, 
they  imply,  what  we  believe  to  be  de- 
monstrable, that  the  two  had  a  si- 
multaneous origin.  The  passage  is 
either  nonsense,  or  it, is  an  admission 
that  abstract  and  concrete  mathe- 
matics are  coeval.  Thus,  at  the  very 
first  step,  the  alleged  congruity  be- 
tween the  order  of  generality  and  the 
order  of  evolution  does  not  hold 
good. 

But  may  it  not  be  that  though  ab- 
stract and  concrete  mathematics  took 
their  rise  at  the  same  time,  the 
one  afterward  developed  more  rap- 
idly than  the  other ;  and  has  ever 
since  remained  in  advance  of  it? 
No :  and  again  we  call  M,  Comte 
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himself  as  witness.  Fortunately  for 
his  argument  he  has  said  nothing  re- 
specting the  early  stages  of  the  con- 
crete and  abstract  divisions  after 
their  divergence  from  a  common  root ; 
otherwise  the  advent  of  Algebra 
long  after  the  Greek  geometry  had 
reached  a  high  development,  would 
have  been  an  inconvenient  fact  for 
him  to  deal  with.  But  passing  over 
this,  and  limiting  ourselves  to  his  own 
statements,  we  find,  at  the  opening  of 
the  next  chapter,  the  admission  that 
"  the  historical  development  of  the 
abstract  portion  of  mathematical  sci- 
ence has,  since  the  time  of  Descartes, 
been  for  the  most  part  determined  by 
that  of  the  concrete. "  Further  on 
we  read  respecting  algebraic  func- 
tions that  "  most  functions  were  con- 
crete in  their  origin — even  those 
which  are  at  present  the  most  purely 
abstract;  and  the  ancients  discovered 
only  through  geometrical  definitions 
elementary  algebraic  properties  of 
functions  to  which  a  numerical  value 
was  not  attached  till  long  afterward, 
rendering  abstract  to  us  what  was 
concrete  to  the  old  geometers."  How 
do  these  statements  tally  with  his 
doctrine  ?  Again,  having  divided  the 
calculus  into  algebraic  and  arithmeti- 
cal, M.  Comte  admits,  as  perforce  he 
must,  that  the  algebraic  is  more  gen- 
eral than  the  arithmetical ;  yet  he  will 
not  say  that  algebra  preceded  arith- 
metic in  point  of  time.  And  again, 
having  divided  the  calculus  of  func- 
tions into  the  calculus  of  direct  func- 
tions (common  algebra)  and  the  calcu- 
lus of  indirect  functions  (transcenden- 
tal analysis),  he  is  obliged  to  speak  of 
this  last  as  possessing  a  higher  gen- 
erality than  the  first ;  yet  it  is  far 
more  modern.  Indeed,  by  implica- 
tion, M.  Comte  himself  confesses  this 
incongruity  ;  for  he  says  : — "  It  might 
seem  that  the  transcendental  analysis 
ought  to  be  studied  before  the  ordi- 
nary, as  it  provides  the  equations 
which  the  other  has  to  resolve  :  but 
though  the  transcendental  is  logically 
independent  of  the  ordinary,  it  is  best 
to  follow  the  usual  method  of  study, 
taking  the  ordinary  first/'  In  all 


these  cases,  then,  as  well  as  at  the 
close  of  the  section  where  he  predicts 
that  mathematicians  will  in  time 
"  create  procedures  of  a  wider  gener- 
ality?* M.  Comte  makes  admissions 
that  are  diametrically  opposed  to  the 
alleged  law. 

In  the  succeeding  chapters  treating 
of  the  concrete  department  of  mathe- 
matics, we  find  similar  contradictions.. 
M.  Comte  himself  names  the  geome- 
try of  the  ancients  special  geometry,. 
and  that  of  moderns  the  general  ge- 
ometry. He  admits  that  while  "  the 
ancients  studied  geometry  with  refer- 
ence to  the  bodies  under  notice,  or 
specially,  the  moderns  study  it  with  ref- 
erence to  the  phenomena  to  be  consid- 
ered, or  generally."  He  admits  that 
while  ''  the  ancients  extracted  all  they 
could  out  of  one  line  or  surface  be- 
fore passing  to  another,"  "  the  mod- 
erns, since  Descartes,  employ  them- 
selves on  questions  which  relate  to 
any  figure  whatever."  These  facts 
are  the  reverse  of  what,  according  to^ 
his  theory,  they  should  be.  So,  too,, 
in  mechanics.  Before  dividing  it  in- 
to statics  and  dynamics,  M.  Comte 
treats  of  the  three  laws  of  motion,. 
and  is  obliged  to  do  so ;  for  statics,, 
the  more  general  of  the  two  divisions, 
though  it  does  not  involve  motion,  is 
impossible  as  a  science  until  the  laws 
of  motion  are  ascertained.  Yet  the 
laws  of  motion  pertain  to  dynamics,, 
the  more  special  of  the  divisions. 
Further  on  he  points  out  that  after 
Archimedes,  who  discovered  the  law 
of  equilibrium  of  the  lever,  statics 
made  no  progress  until  the  establish- 
ment of  dynamics  enabled  us  to  seek 
"  the  conditions  of  equilibrium  through 
the  laws  of  the  composition  of  forces." 
And  he  adds — "  At  this  day  this  is  the 
method  universally  employed.  At  the 
first  glance  it  does  not  appear  the 
most  rational — dynamics  being  more 
complicated  than  statics,  and  prec- 
edence being  natural  to  the  simpler. 
It  would,  in  fact,  be  more  philosophical 
to  refer  dynamics  to  statics,  as  has 
since  been  done."  Sundry  discover- 
ies are  afterwards  detailed,  showing 
how  completely  the  development  of 
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statics  has  been  achieved  by  consid- 
ering its  problems  dynamically  ;  and 
before  the  close  of  the  section  M. 
Comte  remarks  that  "  before  hydro- 
statics could  be  comprehended  un- 
der statics,  it  was  necessary  that  the 
abstract  theory  of  equilibrium  should 
be  made  so  general  as  to  apply  direct- 
ly to  fluids  as  well  as  solids.  This  was 
accomplished  when  Lagrange  sup- 
plied, as  the  basis  of  the  whole  of  ra- 
tional mechanics,  the  single  principle 
of  virtual  velocities."  In  which  state- 
ment we  have  two  facts  directly  at  va- 
riance with  M.  Comte's  doctrine  : — 
first,  that  the  simpler  science,  statics, 
reached  its  present  development  only 
by  the  aid  of  the  principle  of  virtual 
velocities,  which  belongs  to  the  more 
complex  science,  dynamics  ;  and  that 
this  "  single  principle  "  underlying  all 
rational  mechanics — this  most  general 
form  which  includes  alike  the  rela- 
tions of  statical,  hydrostatical,  and 
dynamical  forces  —  was  reached  so 
late  as  the  time  of  Lagrange. 

Thus  it  is  not  true  that  the  histori- 
cal succession  of  the  divisions  of 
mathematics  has  corresponded  with 
the  order  of  decreasing  generality. 
It  is  not  true  that  abstract  mathe- 
matics was  evolved  antecedently  to, 
and  independently  of,  concrete  mathe- 
matics. It  is  not  true  that  of  the  sub- 
divisions of  abstract  mathematics,  the 
more  general  came  before  the  more 
special.  And  it  is  not  true  that  con- 
crete mathematics,  in  either  of  its  two 
sections,  began  with  the  most  abstract 
and  advanced  to  the  less  abstract 
truths. 

It  may  be  well  to  mention,  paren- 
thetically, that  in  defending  his  al- 
leged law  of  progression  from  the  gen- 
eral to  the  special,  M.  Comte  some- 
where comments  upon  the  two  mean- 
ings of  the  word  general,  and  the  re- 
sulting liability  to  confusion.  With- 
out now  discussing  wether  the  asserted 
distinction  can  be  maintained  in  other 
cases,  it  is  manifest  that  it  does  not 
exist  here.  In  sundry  of  the  instances 
above  quoted,  the  endeavors  made  by 
M.  Comte  himself  to  disguise,  or  to 
explain  away,  the  precedence  of  the 


special  over  the  general,  clearly  indi- 
cate that  the  generality  spoken  of,  is 
of  the   kind   meant  by  his   formula. 
And  it  needs  but  a  brief  consideration 
of  the  matter  to  show  that,  even  did 
he  attempt  it,  he  could  not  distinguish 
this  generality,  which,  as  above  proved, 
frequently  comes  last,  from  the  gener- 
ality which  he  says  always  comes  first.- 
For  what  is  the  nature  of  that  mental 
process  by  which  objects,  dimensions, 
weights,  times,  and  the  rest,  are  found 
capable  of  having  their  relations  ex- 
pressed numerically?     It  is  the   for- 
mation of  certain  abstract  conceptions 
of  unity,  duality  and  multiplicity,  which 
are  applicable  to  all  things  alike.     It 
is   the  invention  of  general   symbols 
serving  to  express  the  numerical  re- 
lations of  entities,  whatever  be  their 
special  characters.     And  what  is  the 
nature  of  the  mental  process  by  which 
numbers  are  found  capable  of  having 
their  relations  expressed  algebraically? 
It  is  just   the   same.     It   is  the   for- 
mation of  certain  abstract  conceptions 
of  numerical  functions  which  are  the 
same  whatever  be  the  magnitudes  of 
the  numbers.     It  is  the  invention  of 
general   symbols    serving  to   express 
the   relations    between    numbers,    as 
numbers  express  the  relations  between 
things.     And  transcendental  analysis 
stands  to  algebra  in  the  same  position 
that  algebra  stands  in  to  arithmetic. 
To  briefly  illustrate  their  respective 
powers : — arithmetic  can  express  in  one 
formula  the  value  of  a  particular  tan- 
gent to  a  partic ular  curve  ;  algebra  can 
express  in  one  formula  the  values  of  all 
tangents  to  a  particular  curve  ;  trans- 
cendental analysis  can  express  in  one 
formula  the  values  of  all  tangents  to 
all  curves.    Just  as  arithmetic  deals 
with  the  common  properties  of  lines, 
areas,  bulks,  forces,  periods,  so  does  al- 
gebra deal  with  the  common  properties 
of  the  numbers  which  arithmetic  pre- 
sents ;  so  does  transcendental  analysis 
deal  with  the  common  properties  of  the 
equations  exhibited  by  algebra.   Thus, 
the  generality  of  the  higher  branches 
of  the  calculus,  when  compared  with 
the  lower,  is  the  same  kind  of  gen- 
erality as  that  of  the  lower  branches 
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when  compared  with  geometry  or  me- 
chanics.    And  on  examination  it  will 
be  found  that   the  like  relation  exists 
in  the  various  other  cases  above  given. 
Having  shown  that  M.  Comte's  al- 
leged law  of  progression  does  not  hold 
among  the  several  parts  of  the  same 
science,  let  us  see  how  it  agrees  with 
the   facts  when   applied   to   separate 
sciences.      "Astronomy,"     says     M. 
Comte,  at  the  opening  of   Book   III., 
"was  a  positive   science,  in  its  geo- 
metrical aspect,  from  the  earliest  days 
of  the  school  of  Alexandria;  but  Phys- 
ics,  which  we  are   now  to   consider, 
had  no   positive  character  at  all    till 
Galileo  made  his  great  discoveries  on 
the  fall  of  heavy  bodies."     On   this, 
our  comment  is  simply  that  it  is  a  mis- 
representation based  upon  an  arbitrary 
misuse  of  words — a  mere  verbal  arti- 
fice.    By  choosing   ro   exclude   from 
terrestrial  physics  those  laws  of  magni- 
tude, motion,   and  position,  which  he 
includes  in  celestial  physics,  M.  Comte 
makes  it  appear  that  the   one   owes 
nothing  to  the  other.     Not  only  is  this 
altogether    unwarrantable,    but   it   is 
radically   inconsistent   with   his   own 
scheme  of  divisions.     At  the  outset  he 
says — and  as  the  point   is  important 
we  quote  from  the  original — "  Pour  la 
physique  inorgamque  nous  voyons  d'- 
abord,  en  nous  conformant  toujours  a 
1'ordre  de  ge'neralite'  et  de  dependance 
des    phe'nomenes,   qu'elle   doit    £tre 
partage'e  en  deux  sections  distinctes, 
suivant  qu'elle  considere  les  phe'nom- 
enes gene'raux  de  1'univers,  ou,  en  par- 
ticulier,  ceux  que  prdsentent  les  corps 
terrestres.     D'ou  la  physique  cdleste, 
ou  1'astronomie,  soit  ge'ometrique,  soit 
mechanique  ;  et  la  physique  terrestre." 
Here  then  we  have  inorganic  physics 
clearly   divided   into   celestial  physics 
and  terrestrial  physics — the  phenomena 
presented   by  the   universe,  and   the 
phenomena  presented  by  earthly  bod- 
ies.    If  now  celestial  bodies  and  ter- 
restrial bodies  exhibit  sundry  leading 
phenomena  in   common,    as  they  do, 
how  can  the   generalization  of  these 
common  phenomena  be  considered  as 
pertaining  to  the  one  class  rather  than 
to  the  other?     It  inorganic   physics 


ncludes  geometry  (which  M.  Comte 
has  made  it  do  by  comprehending 
geometrical  astronomy  in  its  sub-section 
— celestial  physics)  ;  and  if  its  sub- 
section— terrestrial  physics,  treats  of 
things  having  geometrical  properties, 
low  can  the  laws  of  geometrical  re- 
ations  be  excluded  from  terrestrial 
ohysics  ?  Clearly  if  celestial  physics 
ncludes  the  geometry  of  objects  in 
the  heavens,  terrestrial  physics  in- 
cludes the  geometry  of  objects  on  the 
earth.  And  if  terrestrial  physics  in- 
cludes terrestrial  geometry, while  celes- 
tial physics  includes  celestial  geome- 
try, then  the  geometrical  part  of  terres- 
trial physics  precedes  the  geometrical 
part  of  celestial  physics ;  seeing  that 
;eometry  gained  its  first  ideas  from 
surrounding  objects.  Until  men  had 
learnt  geometrical  relations  from  bod- 
ies on  the  earth,  it  was  impossible  for 
them  to  understand  the  geometrical 
relations  of  bodies  in  the  heavens. 

So,  too,  with  celestial  mechanics, 
which  had  terrestrial  mechanics  for  its 
parent.  The  very  conception  of  force, 
which  underlies  the  whole  of  mechan- 
ical astronomy,  is  borrowed  from  our 
earthly  experiences ;  and  the  leading 
laws  of  mechanical  action  as  exhibited 
in  scales,  levers,  projectiles,  etc.,  had 
to  be  ascertained  before  the  dynamics 
of  the  solar  system  could  be  entered 
upon.  What  were  the  laws  made  use 
of  by  Newton  in  working  out  his 
grand  discovery  ?  The  law  of  falling 
bodies  disclosed  by  Galileo ;  that  of 
the  composition  of  forces  also  dis- 
closed by  Galileo ;  and  that  of  centrif- 
ugal force  found  out  by  Huyghens — 
all  of  them  generalizations  of  terres- 
trial physics.  Yet,  with  facts  like 
these  before  him,  M.  Comte  places 
astronomy  before  physics  in  order  of 
evolution  !  '  He  does  not  compare  the 
geometrical  parts  of  the  two  together, 
and  the  mechanical  parts  of  the  two 
together ;  for  this  would  by  no  means 
suit  his  hypothesis.  But  he  compares 
the  geometrical  part  of  the  one  with 
the  mechanical  part  of  the  other,  and 
so  gives  a  semblance  of  truth  to  his 
position.  He  is  led  away  by  a  verbal 
delusion.  Had  he  confined  his  at- 
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tention  to  the  things  and  disregarded 
the  words,  he  would  have  seen  that 
before  mankind  scientifically  co-ordi- 
nated any  one  class  of  phenomena  dis- 
played in  the  heavens,  they  had  pre- 
viously co-ordinated  a  parallel  class  of 
phenomena  displayed  upon  the  surface 
of  the  earth. 

Were  it  needful  we  could  fill  a  score 
pages  with  the  incongruities  of  M. 
Comte's  scheme.  But  the  foregoing 
samples  will  suffice.  So  far  is  his  law 
of  evolution  of  the  sciences  from  being 
tenable,  that,  by  following  his  example 
and  arbitrarily  ignoring  one  class  of 
facts,  it  would  be  possible  to  present, 
with  great  plausibility,  just  the  op- 
posite generalization  to  that  which  he 
enunciates.  While  he  asserts  that  the 
rational  order  of  the  sciences,  like  the 
order  of  their  historic  development, 
"  is  determined  by  the  degree  of  simpli- 
city, or,  what  comes  to  the  same  thing, 
of  generality  of  their  phenomena,"  it 
might  contrariwise  be  asserted,  that 
commencing  with  the  complex  and  the 
special,  mankind  have  progressed  step 
by  step  to  a  knowledge  of  greater  sim- 
plicity and  wider  generality.  So  much 
evidence  is  there  of  this  as  to  have 
drawn  from  Whewell,  in  his  History  of 
the  Inductive  Sciences,  the  general  re- 
mark that  "the  reader  has  already 
seen  repeatedly  in  the  course  of  this 
history,  complex  and  derivative  prin- 
ciples presenting  themselves  to  men's 
minds  before  simple  and  elementary 
ones." 

Even  from  M.  Comte's  own  work, 
numerous  facts,  admissions,  and 
arguments,  might  be  picked  out, 
tending  to  show  this.  We  have 
already  quoted  his  words  in  proof 
that  both  abstract  and  concrete 
mathematics  have  progressed  toward 
a  higher  degree  of  generality,  and 
that  he  looks  forward  to  a  higher 
generality,  still.  Just  to  strengthen 
this  adverse  hypothesis,  let  us  take 
a  further  instance.  From  the  partic- 
ular case  of  the  scales,  the  law  of 
equilibrium  of  which  was  familiar  to 
the  earliest  nations  known,  Archime- 
des advanced  to  the  more  general 
case  of  the  unequal  lever  with  un- 


equal  weights, 
rium   of   which 


the   law 
includes 


of    equilib- 
that   of   the 


scales.  By  the  help  of  Galileo's  dis- 
covery concerning  the  composition 
of  forces  D'Alembert  "  established 
for  the  first  time,  the  equations  of 
equilibrium  of  any  system  of  forces 
applied  to  the  different  points  of  a 
solid  body " — equations  which  in- 
clude all  cases  of  levers  and  an  in- 
finity of  cases  besides.  Clearly  this 
is  progress  toward  a  higher  general- 
ity— toward  a  knowledge  more  in- 
dependent of  special  circumstances 
— toward  a  study  of  phenomena 
the  most  disengaged  from  the  in- 
cidents of  particular  cases,"  which 
is  M.  Comte's  definition  of  "  the 
most  simple  phenomena."  Does  it 
not  indeed  follow  from  the  familiarly 
admitted  fact,  that  mental  advance  is 
from  the  concrete  to  the  abstract, 
from  the  particular  to  the  general, 
that  the  universal  and  therefore  most 
simple  truths  are  the  last  to  be  dis- 
covered? Is  not  the  government  of 
the  solar  system  by  a  force  varying 
inversely  as  the  square  of  the  dis- 
tance, a  simpler  conception  than  any 
that  preceded  it  ?  Should  we  ever 
succeed  in  reducing  all  orders  of  phe- 
nomena to  some  single  law — say  of 
atomic  action,  as  M.  Comte  suggests 
— must  not  that  law  answer  to  his 
test  of  being  independent  of  all  others, 
and  therefore  most  simple  ?  And 
would  not  such  a  law  generalize 
the  phenomena  of  gravity,  cohesion, 
atomic  affinity,  and  electric  repulsion, 
just  as  the  laws  of  number  generalize 
the  quantitative  phenomena  of  space, 
time  and  force  ? 

The  possibility  of  saying  so  much 
in  support  of  an  hypothesis  the  very 
reverse  of  M.  Comte's  at  once  proves 
that  his  generalization  is  only  a  half- 
truth.  The  fact  is,  that  neither  prop- 
osition is  correct  by  itself ;  and  the 
actuality  is  expressed  only  by  putting 
the  two  together.  The  progress  of 
science  is  duplex  :  it  is  at  once  from 
the  special  to  the  general,  and  from 
the  general  to  the  special ;  it  b  ana- 
lytical 
timt. 


and  synthetical  at  the  same 
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M  Comte  himself  observes  that 
the  evolution  of  science  has  been  ac- 
complished by  the  division  of  labor  ; 
but  he  quite  misstates  the  mode  in 
which  this  division  of  labor  has  oper- 
ated. As  he  describes  it,  it  has  sim- 
ply been  an  arrangement  of  phenom- 
ena into  classes,  and  the  study  of 
each  class  by  itself.  He  does  not 
^cognize  the  constant  effect  of  prog- 
ress in  each  class  upon  all  other 
classes  ;  but  only  on  the  class  suc- 
ceeding it  in  his  hierarchical  scale. 
Or  if  he  occasionally  admits  collat- 
eral influences  and  intercommunica- 
tions, he  does  it  so  grudgingly,  and 
so  quickly  puts  the  admissions  out  of 
sight  and  forgets  them,  as  to  leave 
the  impression  that,  with  but  trifling 
exceptions,  the  sciences  aid  each 
other  only  in  the  order  of  their  al- 
leged succession.  The  fact  is,  how- 
ever, that  the  division  of  labor  in 
science,  like  the  division  of  labor  in 
society,  and  like  the  "physiological 
division  of  labor "  in  individual  or- 
ganisms, has  been  not  only  a  special- 
ization of  functions,  but  a  contin- 
uous helping  of  each  division  by  all 
the  others,  and  of  all  by  each.  Every 
particular  class  of  inquirers  has, 
as  it  were,  secreted  its  own  particu- 
lar order  of  truths  from  the  gene- 
ral mass  of  material  which  obser- 
vation accumulates ;  and  all  other 
classes  of  inquirers  have  made  use 
of  these  truths  as  fast  as  they  were 
elaborated,  with  the  effect  of  en- 
abling them  the  better  to  elaborate 
each  its  own  order  of  truths. 

It  was  thus  in  sundry  of  the  cases 
we  have  quoted  as  at  variance  with 
M.  Comte's  doctrine.  It  was  thus 
with  the  application  of  Huyghens's 
optical  discovery  to  astronomical  ob- 
servation by  Galileo.  It  was  thus 
with  the  application  of  the  isochron- 
ism  of  the  pendulum  to  the  mak- 
ing of  instruments  for  measuring 
intervals,  astronomical  and  other. 
It  was  thus  when  the  discovery 
that  the  refraction  and  dispersion 
of  light  did  not  follow  the  same 
law  of  variation,  affected  both  as- 
tronomy and  physiology  by  giving 


us  achromatic  telescopes  and  micro- 
scopes. It  was  thus  when  Bradley's 
discovery  of  the  aberration  of  light 
enabled  him  to  make  the  first  step 
toward  ascertaining  the  motions  of 
the  stars.  It  was  thus  when  Caven- 
dish's torsion-balance  experiment  de- 
termined the  specific  gravity  of  the 
earth,  and  so  gave  a  datum  for  calcu- 
lating the  specific  gravities  of  the 
sun  and  planets.  It  was  thus  when 
tables  of  atmospheric  refraction  en- 
abled observers  to  write  down  the 
real  places  of  the  heavenly  bodies  in- 
stead of  their  apparent  places.  It 
was  thus  when  the  discovery  of  the 
different  expansibilities  of  metals  by 
heat  gave  us  the  means  of  correct- 
ing our  chronometrical  measurements 
of  astronomical  periods.  It  was  thus 
when  the  lines  of  the  prismatic  spec- 
trum were  used  to  distinguish  the 
heavenly  bodies  that  are  of  like  na- 
ture with  the  sun  from  those  which 
are  not.  It  was  thus  when,  as  re- 
cently, an  electro-telegraphic  instru- 
ment was  invented  for  the  more 
accurate  registration  of  meridional 
transits.  It  was  thus  when  the 
difference  in  the  rates  of  a  clock  at 
the  equator,  and  nearer  the  poles, 
gave  data  for  calculating  the  ob- 
lateness  of  the  earth,  and  accounting 
for  the  precession  of  the  equinoxes. 
It  was  thus — but  it  is  needless  to 
continue. 

Here,  within  our  own  limited 
knowledge  of  its  history,  we  have 
named  ten  additional  cases  in  which 
the  single  science  of  astronomy  has 
owed  its  advance  to  sciences  coming 
after  it  in  M.  Comte's  series.  Not 
only  its  secondary  steps,  but  its 
greatest  revolutions  have  been  thus 
determined.  Kepler  could  not  have 
discovered  his  celebrated  laws  had 
it  not  been  for  Tycho  Brahe's  accu- 
rate observations  ;  and  it  was  only 
after  some  progress  in  physical  and 
chemical  science  that  the  improved 
instruments  with  which  those  obser- 
vations were  made  became  possible. 
The  heliocentric  theory  of  the  solar 
system  had  to  wait  until  the  invention 
of  the  telescope  before  it  could  be 
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finally  established.  Nay,  even  the 
grand  discovery  of  all — the  law  of 
gravitation — depended  for  its  proof 
upon  an  operation  of  physical  science, 
the  measurement  of  a  degree  on  the 
earth's  surface.  So  completely  in- 
deed did  it  thus  depend,  that  Newton 
had  actually  abandoned  his  hypothesis 
because  the  length  of  a  degree,  as 
then  stated,  brought  out  wrong  re- 
sults ;  and  it  was  only  after  Picart's 
more  exact  measurement  was  pub- 
lished that  he  returned  to  his  cal- 
culations and  proved  his  great  gener- 
alization. Now  this  constant  inter- 
communion, which,  for  brevity's  sake, 
we  have  illustrated  in  the  case  of  one 
science  only,  has  been  taking  place 
with  all  the  sciences.  Throughout 
the  whole  course  of  their  evolution 
there  has  been  a  continous  consensus 
of  the  sciences — a  consensus  exhibit- 
ing a  general  correspondence  with 
the  consensus  of  faculties  in  each 
phase  of  mental  development ;  the 
one  being  an  objective  registry  of  the 
subjective  state  of  the  other. 

From  our  present  point  of  view, 
then,  it  becomes  obvious  that  the  con- 
ception of  a  serial  arrangement  of  the 
sciences  is  a  vicious  one.  It  is  not 
simply  that  the  schemes  we  have  ex- 
amined are  untenable  ;  but  it  is  that 
the  sciences  cannot  be  rightly  placed 
in  any  linear  order  whatever.  It  is 
not  simply  that,  as  M.  Comte  admits, 
a  classification  "  will  always  involve 
something,  if  not  arbitrary,  at  least 
artificial ;  "  it  is  not  as  he  would  have 
us  believe,  that  neglecting  minor  im- 
perfections a  classification  may  be 
substantially  true  ;  but  it  is  that  any 
grouping  of  the  sciences  in  a  succes- 
sion gives  a  radically  erroneous  idea 
of  their  genesis  and  their  dependen- 
cies. There  is  no  "one  rational 
order  among  a  host  of  possible  sys- 
tems." There  is  no  "  \m&  filiation  of 
the  sciences."  The  whole  hypothesis 
is  fundamentally  false.  Indeed,  it 
needs  but  a  glance  at  its  origin  to  see 
at  once  how  baseless  it  is.  Why  a 
series  ?  What  reason  have  we  to  sup- 
pose that  the  sciences  admit  of  a 
linear  arrangement  ?  Where  is  our 


warrant  for  assuming  that  there  is 
some  succession  in  which  they  can  be 
placed  ?  There  is  no  reason ;  no 
warrant.  Whence  then  has  arisen 
the  supposition  ?  To  use  M.  Comte's 
own  phraseology,  we  should  say,  it  is 
a  metaphysical  conception.  It  adds 
another  to  the  cases  constantly  occur- 
ring, of  the  human  mind  being  made 
the  measure  of  Nature.  We  are 
obliged  to  think  in  sequence ;  it  is 
the  law  of  our  minds  that  we  must 
consider  subjects  separately,  one  after 
another :  therefore  Nature  must  be 
serial — therefore  the  sciences  must  be 
classifiable  in  a  succession.  See 
here  the  birth  of  the  notion,  and  the 
sole  evidence  of  its  truth.  Men  have 
been  obliged  when  arranging  in 
books  their  schemes  of  education  and 
systems  of  knowledge,  to  choose  some 
order  or  other.  And  from  inquiring 
what  is  the  best  order,  have  naturally 
fallen  into  the  belief  that  there  is  an 
order  which  truly  represents  the  facts 
— have  persevered  in  seeking  such  an 
order  ;  quite  overlooking  the  previous 
question  whether  it  is  likely  that 
Nature  has  consulted  the  convenience 
of  book-making. 

For  German  philosophers,  who  hold 
that  Nature  is  "  petrified  intelli- 
gence," and  that  logical  forms  are 
the  foundations  of  all  things,  it  is  a 
consistent  hypothesis  that  as  thought 
is  serial,  Nature  is  serial ;  but  that 
M.  Comte,  who  is  so  bitter  an  oppo- 
nent of  all  anthropomorphism,  even 
in  its  most  evanescent  shapes,  should 
have  committed  the  mistake  of  impos- 
ing upon  the  external  world  an  ar- 
rangement which  so  obviously  springs 
from  a  limitation  of  the  human  con- 
sciousness, is  somewhat  strange. 
And  it  is  the  more  strange  when  we 
call  to  mind  how,  at  the  outset,  M 
Comte  remarks  that  in  the  beginning 
"  toutes  les  sciences  sont  cultivt/es  sim- 
ultane'ment  par  les  memes  esprits ; " 
that  this  is  "  inevitable  et  m$me  indis- 
pensable ; "  and  how  he  further  re* 
marks  that  the  different  sciences  are 
"  comme  les  diverses  branches  d'un  trone 
unique"  Were  it  not  accounted  for 
by  the  distorting  influence  of  a  cher- 
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ished  hypothesis,  it  would  be  scarcely 
possible  to  understand  how,  after  rec- 
ognizing truths  like  these,  M.  Comte 
should  have  persisted  in  attempting  to 
construct  "  unetchelle  encycloptdiquc" 

The  metaphor  which  M.  Comte  has 
here  so  inconsistently  used  to  express 
the  relations  of  the  sciences- 
branches  of  one  trunk — is  an  approx- 
imation to  the  truth,  though  not  the 
truth  itself.  It  suggests  the  facts 
that  the  sciences  had  a  common 
origin  ;  that  they  have  been  devel- 
oping simultaneously  ;  and  that  they 
have  been  from  time  to  time  dividing 
and  subdividing.  But  it  does  not 
suggest  the  yet  more  important  fact, 
that  the  divisions  and  subdivisions 
thus  arising  do  not  remain  separate, 
but  now  and  again  reunite  in  direct 
and  indirect  ways.  They  mosculate  ; 
they  severally  send  off  and  receive 
connecting  growths ;  and  the  inter- 
communion has  been  ever  becoming 
more  frequent,  more  intricate,  more 
widely  ramified.  There  has  all  along 
been  higher  specialization,  that  there 
might  be  a  larger  generalization  ;  and 
a  deeper  analysis,  that  there  might  be 
a  better  synthesis.  Each  larger  gen- 
eralization has  lifted  sundry  special- 
izations still  higher  ;  and  each  better 
synthesis  has  prepared  the  way  for 
still  deeper  analysis. 

And  here  we  may  fitly  enter  upon 
the  task  awhile  since  indicated — a 
sketch  of  the  Genesis  of  Science,  re- 
garded as  a  gradual  outgrowth  from 
common  knowledge — an  extension  of 
the  perceptions  by  the  aid  of  the 
reason.  We  propose  to  treat  it  as  a 
psychological  process  historically  dis- 
played ;  tracing  at  the  same  time  the 
advance  from  qualitative  to  quanti- 
tative prevision ;  the  progress  from 
concrete  facts  to  abstract  facts,  and 
the  application  of  such  abstract  facts 
to  the  analysis  of  new  orders  of  con- 
crete facts  ;  the  simultaneous  advance 
in  generalization  and  specialization  ; 
the  continually  increasing  sub-divis- 
ion and  re-union  of  the  sciences  ;  and 
their  constantly  improving  consensus. 

To  trace  out   scientific  evolution 


from  its  deepest  roots  would,  of 
course,  involve  a  complete  analysis  of 
the  mind.  For  as  science  is  a  devel- 
opment of  that  common  knowledge 
acquired  by  the  unaided  senses  and 
uncultured  reason,  so  is  that  common 
knowledge  itself  gradually  built  up 
out  of  the  simplest  perceptions.  We 
must,  therefore,  begin  somewhere 
abruptly ;  and  the  most  appropriate 
stage  to  take  for  our  point  of  de- 
parture will  be  the  adult  mind  of  the 
savage. 

Commencing  thus,  without  a  prop- 
er preliminary  analysis,  we  are  nat- 
urally somewhat  at  a  loss  how  to 
present,  in  a  satisfactory  manner, 
those  fundamental  processes  of 
thought  out  of  which  science  ulti- 
mately originates.  Perhaps  our  argu- 
ment may  be  best  initiated  by  the 
proposition,  that  all  intelligent  action 
whatever  depends  upon  the  discern- 
ing of  distinctions  among  surround- 
ing things.  The  condition  under 
which  only  it  is  possible  for  any  creat- 
ure to  obtain  food  and  avoid  danger 
is,  that  it  shall  be  differently  affected 
by  different  objects — that  it  shall  be 
led  to  act  in  one  way  by  one  object, 
and  in  another  way  by  another.  In 
the  lower  orders  of  creatures  this 
condition  is  fulfilled  by  means  of  an 
apparatus  which  acts  automatically. 
In  the  higher  orders  the  actions  are 
partly  automatic,  partly  conscious. 
And  in  man  they  are  almost  wholly 
conscious. 

Throughout,  however,  there  must 
necessarily  exist  a  certain  classifi- 
cation of  things  according  to  their 
properties — a  classification  which  is 
either  organically  registered  in  the 
system,  as  in  the  inferior  creation,  or 
is  formed  by  experience,  as  in  our- 
selves. And  it  may  be  further  re- 
marked, that  the  extent  to  which  this 
classification  is  carried  roughly  indi- 
cates the  height  of  intelligence — that, 
while  the  lowest  organisms  are  able 
to  do  little  more  than  discriminate 
organic  from  inorganic  matter  ;  while 
the  generality  of  animals  carry  their 
classifications  no  further  than  to  a 
limited  number  of  plants  or  creatures 
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serving  for  food,  a  limited  number  of 
beasts  of  prey,  and  a  limited  -number 
of  places  and  materials,  the  most  de- 
graded of  the  human  race  possess  a 
knowledge  of  the  distinctive  natures 
of  a  great  variety  of  substances, 
plants,  animals,  tools,  persons,  etc., 
not  only  as  classes  but  as  individuals. 

What  now  is  the  mental  process 
by  which  classification  is  effected  ? 
Manifestly  it  is  a  recognition  of  the 
likeness  or  unlikeness  of  things,  either 
in  respect  of  their  sizes,  colors, 
forms,  weights,  textures,  tastes,  etc., 
or  in  respect  of  their  modes  of  action. 
By  some  special  mark,  sound,  or  mo- 
tion the  savage  identifies  a  certain 
four-legged  creature  he  sees  as  one 
that  is  good  for  food,  and  to  be 
caught  in  a  particular  way  ;  or  as  one 
that  is  dangerous  ;  and  acts  accord- 
ingly. He  has  classed  together  all 
the  creatures  that  are  alike  in  this 
particular.  And  manifestly  in  choos- 
ing the  wood  out  of  which  to  form 
his  bow,  the  plant  with  which  to 
poison  his  arrows,  the  bone  from 
which  to  make  his  fish-hooks,  he 
identifies  them  through  their  chief 
sensible  properties  as  belonging  to 
the  general  classes,  wood,  plant,  and 
bone,  but  distinguishes  them  as  be- 
longing to  sub-classes  by  virtue  of 
certain  properties  in  which  they  are 
unlike  the  rest  of  the  general  classes 
they  belong  to  ;  and  so  forms  genera 
and  species. 

And  here  it  becomes  manifest 
that  not  only  is  classification  carried 
on  by  grouping  together  in  the  mind 
things  that  are  like ;  but  that  classes 
and  sub-classes  are  formed  and  ar- 
ranged according  to  the  degrees  of  un- 
likeness. Things  widely  contrasted 
are  alone  distinguished  in  the  lower 
stages  of  mental  evolution  ;  as  may 
be  any  day  observed  in  an  infant. 
And  gradually  as  the  powers  of  dis- 
crimination increase,  the  widely  con- 
trasted classes  at  first  distinguished, 
come  to  be  each  divided  into  sub- 
classes, differing  from  each  other  less 
than  the  classes  differ;  and  these 
sub-classes  are  again  divided  after 
the  same  manner.  By  the  continu- 


ance of  which  process  things  are 
radually  arranged  into  groups,  the 
members  of  which  are  less  and  less 
unlike;  ending,  finally,  in  groups 
whose  members  differ  only  as  indi- 
viduals, and  not  specifically.  And 
thus  there  tends  ultimately  to  arise 
the  notion  of  complete  likeness.  For 
manifestly,  it  is  impossible  that 
groups  should  continue  to  be  sub- 
divided in  virtue  of  smaller  and 
smaller  differences  without  there 
being  a  simultaneous  approximation 
to  the  notion  of  no  difference. 

Let  us  next  notice  that  the  recog- 
nition   of    likeness   and    unlikeness, 
which    underlies    classification,    and 
out  of  which  continued  classification 
evolves  the  idea  of  complete  likeness 
— let  us  next  notice  that  it  also  un- 
derlies the  process  of  naming,  and  by 
consequence  language.      For  all  lan- 
guage consists,  at  the  beginning,  of 
symbols  which    are   as    like  to    the 
things  symbolized  as  it  is  practicable 
to    make    them.      The    language   of 
signs  is  a  means  of  conveying  ideas 
by  mimicking  the  actions  or  peculiar- 
ities of  the  things  referred  to.     Verbal 
language   is   also,  at   the   beginning, 
a  mode  of  suggesting  objects  or  acts 
by  imitating    the  sounds   which   the 
objects  make,  or  with  which  the  acts 
are   accompanied.      Originally   these 
two  languages  were  used  simultane- 
ously.    It  needs   but    to   watch   the 
gesticulations  with  which  the  savage 
accompanies    his   speech — to    see   a 
Bushman  or  a  Kaffir  dramatizing  be- 
fore an  audience  his  mode  of  catch- 
ing game — or   to   note   the   extreme 
paucity  of   words   in  all   primitive  vo- 
cabularies, to  infer  that  at  first  atti- 
tudes, gestures,  and  sounds  were  all 
combined  to  produce  as  good  a  like- 
ness  as   possible  of   the   things,  anv 
mals,   persons,  or  events  described  i 
and  that  as  the   sounds   came   to   be 
understood   by  themselves   the  gest- 
ures fell  into  disuse,  leaving  traces, 
however,  in  the  manners  of  the  more 
excitable  civilized  races.     But  be  this 
as   it   may,  it   suffices   simply  to   ob- 
serve how  many  of  the  words  current 
among  barbarous  peoples  are  like  the 
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sounds  appertaining  to  the  things 
signified ;  how  many  of  our  own  old- 
est and  simplest  words  have  the  same 
peculiarity ;  how  children  tend  to  in- 
vent imitative  words ;  and  how  the 
sign-language  spontaneously  formed 
by  deaf  mutes  is  invariably  based 
upon  imitative  actions — to  at  once 
see  that  the  notion  of  likeness  is  that 
from  which  the  nomenclature  of  ob- 
jects takes  its  rise. 

Were  there  space  we  might  go  on 
to  point  out  how  this  law  of  life  is 
traceable,  not  only  in  the  origin  but 
in  the  development  of  language  ;  how 
in  primitive  tongues  the  plural  is 
made  by  a  duplication  of  the  singular, 
which  is  a  multiplication  of  the  word 
to  make  it  like  the  multiplicity  of  the 
things  :  how  the  use  of  metaphor — 
that  prolific  source  of  new  words — is 
a  suggesting  of  ideas  that  are  like  the 
ideas  to  be  conveyed  in  some  respect 
or  other ;  and  how,  in  the  copious 
use  of  simile,  fable,  and  allegory 
among  uncivilized  races,  we  see  that 
complex  conceptions,  which  there  is 
yet  no  direct  language  for,  are  ren- 
dered, by  presenting  known  concep- 
tions more  or  less  like  them. 

This  view  is  further  confirmed, 
and  the  predominance  of  this  notion 
of  likeness  in  primitive  times  further 
illustrated,  by  the  fact  that  our  sys- 
tem of  presenting  ideas  to  the  eye 
originated  after  the  same  fashion. 
Writing  and  printing  have  descended 
from  picture-language.  The  earliest 
mode  of  permanently  registering  a 
fact  was  by  depicting  it  on  a  wall  ;  that 
is — by  exhibiting  something  as  like  to 
the  thing  to  be  remembered  as  it 
could  be  made.  Gradually  as  the 
practice  grew  habitual  and  extensive, 
the  most  frequently  repeated  forms 
became  fixed,  and  presently  abbre- 
viated ;  and,  passing  through  the 
hieroglyphic  and  ideographic  phases, 
the  symbols  lost  all  apparent  relations 
to  the  things  signified,  just  as  the 
majority  of  our  spoken  words  have 
done. 

Observe  again,  that  the  same  thing 
is  true  respecting  the  genesis  of  rea- 
soning. The  likeness  that  is  per- 


ceived to  exist  between  cases  is  the 
essence  of  all  early  reasoning  and  of 
much  of  our  present  reasoning.  The 
savage,  having  by  experience  dis- 
covered a  relation  between  a  certain 
object  and  a  certain  act,  infers  that 
the  like  relation  will  be  found  in  fut- 
ure cases.  And  the  expressions  we 
constantly  use  in  our  arguments — 
"  analogy  implies,"  "  the  cases  are  not 
parallel"  "by  parity  of  reasoning," 
"  there  is  no  similarity" — show  how 
constantly  the  idea  of  likeness  under- 
lies our  ratiocinative  processes. 

Still  more  clearly  will  this  be  seen 
on  recognizing  the  fact  that  there  is 
a  certain  parallelism  between  reason- 
ing and  classification  ;  that  the  two 
have  a  common  root,  and  that  nei- 
ther can  go  on  without  the  other. 
For  on  the  one  hand,  it  is  a  familiar 
truth  that  the  attributing  to  a  body, 
in  consequence  of  some  of  its  prop- 
erties, all  those  other  properties  in 
virtue  of  which  it  is  referred  to  a  par- 
ticular class,  is  an  act  of  inference. 
And,  on  the  other -hand,  the  forming 
of  a  generalization  is  the  putting  to- 
gether in  one  class  all  those  cases 
which  present  like  relations;  while 
the  drawing  a  deduction  is  essentially 
the  perception  that  a  particular  case 
belongs  to  a  certain  class  of  cases 
previously  generalized.  So  that  as 
classification  is  a  grouping  together 
of  like  things,  reasoning  is  a  group- 
ing together  of  like  relations  among 
things.  Add  to  which,  that  while  the 
perfection  gradually  achieved  in  clas- 
sification consists  in  the  formation 
of  groups  of  objects  which  are  com- 
pletely alike,  the  perfection  gradually 
achieved  in  reasoning  consists  in  the 
formation  of  groups  of  cases  which 
are  completely  alike. 

Once  more  we  may  contemplate 
this  dominant  idea  of  likeness  as  ex- 
hibited in  art.  All  art,  civilized  as 
well  as  savage,  consists  almost  wholly 
in  the  making  of  objects  like  other 
objects,  either  as  found  in  Nature, 
or  as  produced  by  previous  art.  If 
we  trace  back  the  varied  art-products 
now  existing,  we  find  that  at  each 
stage  the  divergence  from  previous 
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patterns  is  but  small  when  compared 
with  the  agreement ;  and  in  the  ear- 
liest art  the  persistency  of  imitation 
is  yet  more  conspicuous.  The  old 
forms  and  ornaments  and  symbols 
were  held  sacred,  and  perpetually 
copied.  Indeed,  the  strong  imitative 
tendency  notoriously  displayed  by 
the  lowest  human  races,  ensures 
among  them  a  constant  reproducing 
of  likenesses  of  things,  forms,  signs, 
sounds,  actions,  and  whatever  else  is 
imitable  ;  and  we  may  even  suspect 
that  this  aboriginal  peculiarity  is  in 
some  way  connected  with  the  culture 
and  development  of  this  general  con- 
ception, which  we  have  found  so 
deep  and  wide-spread  in  its  applica- 
tions. 

And  now  let  us  go  to  consider  how, 
by  a  further  unfolding  of  this  same 
fundamental  notion,  there  is  a  grad- 
ual formation  of  the  first  germs  of 
science.  This  idea  of  likeness  which 
underlies  classification,  nomenclature, 
language  spoken  and  written,  reason- 
ing, and  art,  and  which  plays  so  im- 
portant a  part  because  all  acts  of 
intelligence  are  made  possible  only 
by  distinguishing  among  surrounding 
things,  or  grouping  them  into  like  and 
unlike, — this  idea  we  shall  find  to  be 
the  one  of  which  science  is  the  es- 
pecial product.  Already,  during  the 
stage  we  have  been  describing,  there 
has  existed  qualitative  prevision  in 
respect  to  the  commoner  phenomena 
with  which  savage  life  is  familiar ; 
and  we  have  now  to  inquire  how  the 
elements  of  quantitative  prevision  are 
evolved.  We  shall  find  that  they 
originate  by  the  perfecting  of  this 
same  idea  of  likeness ;  that  they  have 
their  rise  in  that  conception  of  com- 
plete likeness  which,  as  we  have  seen, 
necessarily  results  from  the  continued 
process  of  classification. 

For  when  the  process  of  classifica- 
tion has  been  carried  as  far  as  it  is 
possible  for  the  uncivilized  to  carry 
it — when  the  animal  kingdom  has 
been  grouped  not  merely  into  quad- 
rupeds, birds,  fishes,  and  insects,  but 
each  of  these  divided  into  kinds — 
when  there  come  to  be  sub-classes, 


in  each  of  which  the  members  differ 
only  as  individuals,  and  not  specifi- 
cally, it  is  clear  that  there  must  occur 
a  frequent  observation  of  objects 
which  differ  so  little  as  to  be  indis- 
tinguishable. Among  several  creat- 
ures which  the  savage  has  killed  and 
carried  home,  it  must  often  happen 
that  some  one,  which  he  wished  to 
identify,  is  so  exactly  like  another  that 
he  cannot  tell  which  is  which.  Thus, 
then,  there  originates  the  notion  of 
equality.  The  things  which  among 
ourselves  are  called  equal — whether 
lines,  angles,  weights,  temperatures, 
sounds  or  colors — are  things  which 
produce  in  us  sensations  that  cannot 
be  distinguished  from  each  other.  It 
is  true  that  we  now  apply  the  word 
equal  chiefly  to  the  separate  phenom- 
ena which  objects  exhibit,  and  not 
to  groups  of  phenomena;  but  this 
limitation  of  the  idea  has  evidently 
arisen  by  subsequent  analysis.  And 
that  the  notion  of  equality  did  thus 
originate,  will,  we  think,  become  ob- 
vious on  remembering  that  as  there 
were  no  artificial  objects  from  which 
it  could  have  been  abstracted  it 
must  have  been  abstracted  from 
natural  objects ;  and  that  the  various 
families  of  the  animal  kingdom  chiefly 
furnish  those  natural  objects  which 
display  the  requisite  exactitude  of 
likeness. 

The  same  order  of  experiences  out 
of  which  this  general  idea  of  equality 
is  evolved,  gives  birth  at  the  same 
time  to  a  more  complex  idea  of 
equality  ;  or,  rather,  the  process  just 
described  generates  an  idea  of 
equality  which  further  experience 
separates  into  two  ideas — equality  of 
things  and  equality  of  relations.  While 
organic,  and  more  especially  animal 
forms,  occasionally  exhibit  this  per- 
fection of  likeness  out  of  which  the 
notion  of  simple  equality  arises,  they 
more  frequently  exhibit  only  that  kind 
of  likeness  which  we  call  similarity, 
and  which  is  really  compound  equality. 
For  the  similarity  of  two  creatures  of 
the  same  species,  but  of  different 
sizes,  is  of  the  same  nature  as  the 
similarity  of  two  geometrical  figures. 
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In  either  case,  any  two  parts  of  the 
one  bear  the  same  ratio  to  one  another 
as  the  homologous  parts  of  the  other. 
Given  in  any  species  the  proportions 
found  to  exist  among  the  bones,  and 
we  may,  and  zoologists  do,  predict 
from  any  one  the  dimensions  of  the 
rest ;  just  as,  when  knowing  the  pro- 
portions subsisting  among  the  parts 
of  a  geometrical  figure,  we  may,  from 
the  length  of  one,  calculate  the  others. 
And  if,  in  the  case  of  similar  geomet- 
rical figures,  the  similarity  can  be  es- 
tablished only  by  proving  exactness 
of  proportion  among  the  homologous 
parts  ;  if  we  express  this  relation  be- 
tween two  parts  in  the  one,  and  the 
corresponding  parts  in  the  other,  by 
the  formula  A  is  to  B  as  a  is  to  b ;  if 
we  otherwise  write  this,  A  to  B  =  a  to 
b  ;  if,  consequently,  the  fact  we  prove 
is  that  the  relation  of  A  to  B  equals 
the  relation  of  a  to  b  ;  then  it  is  mani- 
fest that  the  fundamental  conception 
of  similarity  is  equality  of  relations. 

With  this  explanation  we  shall  be 
understood  when  we  say  that  the 
notion  of  equality  of  relations  is  the 
basis  of  all  exact  reasoning.  Al- 
ready it  has  been  shown  that 
reasoning  in  general  is  a  recog- 
nition of  likeness  of  relations ;  and 
here  we  further  find  that  while  the 
notion  of  likeness  of  things  ultimately 
evolves  the  idea  of  simple  equality, 
the  notion  of  likeness  of  relations 
evolves  the  idea  of  equality  of  rela- 
tions :  of  which  the  one  is  the  con- 
crete germ  of  exact  science,  while  the 
other  is  its  abstract  germ. 

Those  who  cannot  understand  how 
the  recognition  of  similarity  in  creat- 
ures of  the  same  kind  can  have  any 
alliance  with  reasoning,  will  get  over 
the  difficulty  on  remembering  that  the 
phenomena  among  which  equality  of 
relations  is  thus  perceived  are  phenom- 
ena of  the  same  order  and  are  pres- 
ent to  the  senses  at  the  same  time  ; 
while  those  among  which  developed 
reason  perceives  relations  are  gen- 
erally neither  of  the  same  order,  nor 
simultaneously  present.  And  if  fur- 
ther, they  will  call  to  mind  how  Cuvier 
and  Owen,  from  a  single  part  of  a 


creature,  as  a  tooth,  construct  the  rest 
by  a  process  of  reasoning  based  on 
this  equality  of  relations,  they  will  see 
that  the  two  things  are  intimately 
connected,  remote  as  they  at  first 
seem.  But  we  anticipate.  What  it 
concerns  us  here  to  observe  is,  that 
from  familiarity  with  organic  forms 
there  simultaneously  arose  the  ideas  of 
simple  equality,  and  equality  of  rela- 
tions. 

At  the  same  time,  too,  and  out  of 
the  same  mental  processes,  came  the 
first  distinct  ideas  of  number.  In  the 
earliest  stages  the  presentation  of 
several  like  objects  produced  merely 
an  indefinite  conception  of  multiplic- 
ity ;  as  it  still  does  among  Austral- 
ians, and  Bushmen,  and  Damaras, 
when  the  number  presented  exceeds 
three  or  four.  With  such  a  fact  be- 
fore us  we  may  safely  infer  that  the 
first  clear  numerical  conception  was 
that  of  duality  as  contrasted  with 
unity.  And  this  notion  of  duality 
must  necessarily  have  grown  up  side 
by  side  with  those  of  likeness  and 
equality  ;  seeing  that  it  is  impossible 
to  recognize  the  likeness  of  two 
things  without  also  perceiving  that 
there  are  two.  From  the  very  begin- 
ning the  conception  of  number  must 
have  been,  as  it  is  still,  associated 
with  the  likeness  or  equality  of  the 
things  numbered.  If  we  analyze  it, 
we  find  that  simple  enumeration  is  a 
registration  of  repeated  impressions  of 
any  kind.  That  these  may  be  cap- 
able of  enumeration  it  is  needful  that 
they  be  more  or  less  alike ;  and  be- 
fore any  absolutely  true  numerical 
results  can  be  reached,  it  is  requisite 
that  the  units  be  absolutely  equal.  The 
only  way  in  which  we  can  establish  a 
numerical  relationship  between  things 
that  do  not  yield  us  like  impressions, 
is  to  divide  them  into  parts  that  do 
yield  us  like  impressions.  Two  un- 
like magnitudes  of  extension,  force, 
time,  weight,  or  what  not,  can  have 
their  relative  amounts  estimated  only 
by  means  of  some  small  unit  that  is 
contained  many  times  in  both;  and 
even  if  we  finally  write  down  the 
greater  one  as  a  unit  and  the  other 
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as  a  fraction  of  it,  we  state,  in  the 
denominator  of  the  fraction,  the  num- 
ber of  parts  into  which  the  unit  must 
be  divided  to  be  comparable  with  the 
fraction. 

It  is,  indeed,  true  that  by  an  evi- 
dently modern  process  of  abstraction 
we  occasionally  apply  numbers  to  un- 
equal units,  as  the  furniture  at  a  sale 
or  the  various  animals  on  a  farm, 
simply  as  so  many  separate  entities ; 
but  no  true  result  can  be  brought  out 
by  calculation  with  units  of  this  order. 
And,  indeed,  it  is  the  distinctive 
peculiarity  of  the  calculus  in  general, 
that  it  proceeds  on  the  hypothesis  of 
that  absolute  equality  of  its  abstract 
units,  which  no  real  units  possess ; 
and  that  the  exactness  of  its  results 
holds  only  in  virtue  of  this  hypothesis. 

The  first  ideas  of  number  must 
necessarily  then  have  been  derived 
from  like  or  equal  magnitudes  as  seen 
chiefly  in  organic  objects ;  and  as 
the  like  magnitudes  most  frequently 
observed  were  magnitudes  of  exten 


that    geometry   and 
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sion,    it  follows 
arithmetic   had 

gin- 
Not  only  are  the  first  distinct  ideas 
of  number  co-ordinate  with  ideas  of 
likeness  and  equality,  but  the  first 
efforts  at  numeration  displayed  the 
same  relationship.  On  reading  the 
accounts  of  various  savage  tribes  we 
find  that  the  method  of  counting  by 
the  fingers,  still  followed  by  many 
children,  is  the  aboriginal  method. 
Neglecting  the  several  cases  in  which 
the  ability  to  enumerate  does  not 
reach  even  to  the  number  of  fingers 
on  one  hand,  there  are  many  cases  in 
which  it  does  not  extend  beyond  ten 
— the  limit  of  the  simple  finger  nota- 
tion. The  fact  that  in  so  many 
instances,  remote,  and  seemingly  un- 
related nations,  have  adopted  ten  as 
their  basic  number,  together  with  the 
fact  that  in  the  remaining  instances 
the  basic  number  is  either  five  (the 
fingers  of  one  hand)  or  twenty  (the 
fingers  and  toes),  almost  of  them- 
selves show  that  the  fingers  were  the 
original  units  of  numeration.  The 
still  surviving  use  of  the  word  digit,  as 


the  general  name  for  a  figure  in  arith« 
metic,  is  significant;  and  it  is  even 
said  that  our  word  ten  (Sax.,  tyn ; 
Dutch,  tien ;  German,  zehn)  means 
in  its  primitive  expanded  form  two 
hands.  So  that  originally,  to  say 
there  were  ten  things,  was  to  say 
there  were  two  hands  of  them. 

From  all  which  evidence  it  is  toler- 
ably clear  that  the  earliest  mode  of 
conveying  the  idea  of  any  number  of 
things  was  by  holding  up  as  many 
fingers  as  there  were  things ;  that  is — 
using  a  symbol  which  was  equal,  in 
respect  of  multiplicity,  to  the  group 
symbolized.  For  which  inference 
there  is,  indeed,  strong  confirmation 
in  the  recent  statement  that  our  own 
soldiers  are  even  now  spontaneously 
adopting  this  device  in  their  dealings 
with  the  Turks.  And  here  it  should 
be  remarked  that  in  this  recombina- 
tion of  the  notion  of  equality  with 
that  of  multiplicity,  by  which  the  first 
steps  in  numeration  are  effected,  we 
may  see  one  of  the  earliest  of  those 
inosculations  between  the  diverging 
branches  of  science,  which  are  after- 
wards of  perpetual  occurrence. 

Indeed,  as  this  observation  suggests, 
it  will  be  well,  before  tracing  the 
mode  in  which  exact  science  finally 
emerges  from  the  merely  approximate 
judgments  of  the  senses,  and  showing 
the  non-serial  evolution  of  its  divisions, 
to  note  the  non-serial  character  of 
those  preliminary  processes  of  which 
all  after  development  is  a  continua- 
tion. On  reconsidering  them  it  will 
be  seen  that  not  only  are  they  diver- 
gent growths  from  a  common  root, 
— not  only  are  they  simultaneous  in 
their  progress,  but  that  they  are 
mutual  aids,  and  that  none  can 
advance  without  the  rest.  That  com- 
pleteness of  classification  for  which 
the  unfolding  of  the  perceptions  paves 
the  way,  is  impossible  without  a  cor- 
responding progress  in  language,  by 
which  greater  varieties  of  objects  are 
thinkable  and  expressible.  On  the 
one  hand  it  is  impossible  to  carry 
classification  far  without  names  by 
which  to  designate  the  classes ;  and 
on  the  other  hand  it  is  impossible  to 
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make  language  faster  than  things  are 
classified. 

Again,  the  multiplication  of  classes 
and  the  consequent  narrowing  of  each 
class  itself  involves  a  greater  likeness 
among  the  things  classed  together ; 
and  the  consequent  approach  toward 
the  notion  of  complete  likeness  itself 
allows  classification  to  be  carried 
higher.  Moreover,  classification  nec- 
essarily advances  part  passu  with 
rationality  —  the  classification  of 
things  with  the  classification  of  rela- 
tions. For  things  that  belong  to  the 
same  class  are,  by  implication,  things 
of  which  the  properties  and  modes 
of  behavior — the  co-existences  and 
sequences — are  more  or  less  the  same; 
and  the  recognition  of  this  sameness 
of  co-existences  and  sequences  is  rea- 
soning. Whence  it  follows  that  the 
advance  of  classification  is  neces- 
sarily proportionate  to  the  advance 
of  generalizations.  Yet  further,  the 
notion  of  likeness,  both  in  things  and 
relations,  simultaneously  evolves  by 
one  process  of  culture  the  ideas  of 
equality  of  things  and  equality  of 
relations,  which  are  the  respective 
bases  of  exact  concrete  reasoning 
and  exact  abstract  reasoning — 
Mathematics  and  Logic.  And  once 
more,  this  idea  of  equality,  in  the 
very  process  of  being  formed,  neces- 
sarily gives  origin  to  two  series  of 
relations — those  of  magnitude  and 
those  of  number,  from  which  arise 
geometry  and  the  calculus.  Thus  the 
process  throughout  is  one  of  perpetual 
subdivision  and  perpetual  intercom- 
munication of  the  divisions.  From  the 
very  first  there  has  been  that  consensus 
of  different  kinds  of  knowledge,  an- 
swering to  the  consensus  of  the  intel- 
lectual faculties,  which,  as  already 
said,  must  exist  among  the  sciences. 

Let  us  now  go  on  to  observe  how, 
out  of  the  notions  of  equality  and 
number,  as  arrived  at  in  the  manner 
described,  there  gradually  arose  the 
elements  of  quantitative  previsions. 

Equality,  once  having  come  to  be 
definitely  conceived,  was  readily  ap- 
plicable to  other  phenomena  than 
those  of  magnitude.  Being  predica- 


ble  of  all  things  producing  indistin- 
guishable impressions,  there  naturally 
grew  up  ideas  of  equality  in  weights, 
sounds,  colors,  etc.  ;  and  indeed  it 
can  scarcely  be  doubted  that  the  oc- 
casional experience  of  equal  weights, 
sounds,  and  colors,  had  a  share  in 
developing  the  abstract  conception  of 
equality — that  the  ideas  of  equality 
in  size,  relations,  forces,  resistances, 
and  sensible  properties  in  general, 
were  evolved  during  the  same  period. 
But  however  this  may  be,  it  is  clear 
that  as  fast  as  the  notion  of  equality 
gained  definiteness,  so  fast  did  that 
lowest  kind  of  quantitative  prevision 
which  is  achieved  without  any  instru- 
mental aid,  become  possible. 

The  ability  to  estimate,  however 
roughly,  the  amount  of  a  foreseen  re- 
sult, implies  the  conception  that  it 
will  be  equal  to  a  certain  imagined 
quantity  ;  and  the  correctness  of  the 
estimate  will  manifestly  depend  upon 
the  accuracy  at  which  the  perceptions 
of  sensible  equality  have  arrived.  A 
savage  with  a  piece  of  stone  in  his 
hand,  and  another  piece  lying  before 
him  of  greater  bulk  but  of  the  same 
kind  (a  fact  which  he  infers  from  the 
equality  of  the  two  in  color  and  text- 
ure) knows  about  what  effort  he  must 
put  forth  to  raise  this  other  piece  ; 
and  he  judges  accurately  in  propor- 
tion to  the  accuracy  with  which  he 
perceives  that  the  one  is  twice,  three 
times,  four  times,  etc.  as  large  as  the 
other ;  that  is — in  proportion  to  the 
precision  of  his  ideas  of  equality  and 
number.  And  here  let  us  not  omit  to 
notice  that  even  in  these  vaguest  of 
quantitative  previsions,  the  conception 
of  equality  of  relations  is  also  involved. 
For  it  is  only  in  virtue  of  an  undefined 
perception  that  the  relation  between 
bulk  and  weight  in  the  one  stone  is 
equal  to  the  relation  between  bulk 
and  weight  in  the  other,  that  even  the 
roughest  approximation  can  be  made. 

But  how  came  the  transition  from 
those  uncertain  perceptions  of  equal- 
ity which  the  unaided  senses  give, 
to  the  certain  ones  with  which  sci- 
ence deals  ?  It  came  by  placing 
the  things  compared  in  juxtaposition. 
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Equality  being    predicted   of  things 
which  give  us    indistinguishable    im- 
pressions, and  no  accurate   compari- 
son  of    impressions   being    possible 
unless  they  occur  in  immediate  suc- 
cession,   it   results  that  exactness  of 
equality  is   ascertainable    in   propor- 
tion to  the  closeness  of  the  compared 
things.     Hence   the   fact   that   when 
we  wish  to  judge  of  two  shades   of 
color  whether  they  are  alike  or  not, 
we  place  them  side    by  side  ;    hence 
the   fact   that   we   cannot,    with    any 
precision,    say   which    of    two   allied 
sounds  is  the  louder,  or    the    higher 
in  pitch,  unless  we  hear  the  one  im- 
mediately after  the  other  ;    hence  the 
fact   that    to   estimate   the     ratio   of 
weights,  we  take  one  in  each  hand, 
that  we  may  compare  their  pressures 
by  rapidly  alternating  in  thought  from 
the  one  to  the  other  ;  hence  the  fact, 
that  in  a  piece  of  music,  we  can  con- 
tinue to  make  equal  beats  when  the 
first  beat  has  been  given,  but  cannot 
ensure    commencing   with   the   same 
length  of  beat  on  a  future  occasion 
and  hence,  lastly,  the  fact,  that  of  al 
magnitudes,  those  of  linear  extension 
are  those   of    which   the   equality   is 
most   accurately    ascertainable,     anc 
those  to   which  by   consequence    al 
others  have  to  be  reduced.     For  it  is 
the    peculiarity  of    linear    extension 
that  it  alone  allows  its  magnitudes  to 
be    placed  in  absolute   juxtaposition 
or,    rather,   in     coincident    position 
it    alone    can    test    the    equality    of 
two  magnitudes  by  observing  wheth 
er  they  will   coalesce,  as   two   equa 
mathematical   lines  do,  when  placec 
between  the  same    points ;    it   alone 
can    test  equality  by   trying    wheth 
er  it   will   become  identity.     Hence 
then,  the  fact  that  all  exact  science 
is  reducible,  by  an  ultimate  analysis 
to  results  measured  in  equal   units  o 
linear  extension. 

Still  it  remains   to   be  noticed   in 
what  manner   this   determination   o 
equality     by   comparison     of    linea 
magnitudes  originated.      Once  mor< 
may   we   perceive   that    surrounding 
natural  objects  supplied   the   needfu 
lessons.     From  the  beginning   then 


must  have  been  a  constant  experience 
f  like  things  placed  side  by  side — 
men  standing  and  walking  together; 
inimals  from  the  same  herd ;  fish 
rom  the  same  shoal.  And  the  cease- 
ess  repetition  of  these  experiences 
:ould  not  fail  to  suggest  the  observa- 
ion,  that  the  nearer  together  any  ob- 
ects  were  the  more  visible  became 
any  inequality  between  them.  Hence 
he  obvious  device  of  putting  in  appo- 
lition  things  of  which  it  was  desired 
o  ascertain  the  relative  magnitudes, 
rlence  the  idea  of  measure.  And 
here  we  suddenly  come  upon  a  group 
of  facts  which  afford  a  solid  basis 
to  the  remainder  of  our  argument, 
while  they  also  furnish  strong  evi- 
dence in  support  of  the  foregoing 
speculations.  Those  who  look  skep- 
tically on  this  attempted  rehabilita- 
tion of  the  earliest  epochs  of  mental 
development,  and  who  more  especially 
think  that  the  derivation  of  so  many 
primary  notions  from  organic  forms 
is  somewhat  strained,  will  perhaps 
see  more  probability  in  the  several 
hypotheses  that  have  been  ventured, 
on  discovering  that  all  measures  of 
extension  and  force  originated  from 
the  lengths  and  weights  of  organic 
bodies ;  and  all  measures  of  time  from 
the  periodic  phenomena  of  either  or- 
ganic or  inorganic  bodies. 

Thus,  among  linear  measures,  the 
cubit  of  the  Hebrews  was  the  length 
of  the  forearm  from  the  elbow  to  the 
end  of  the  middle  finger ;  and  the 
smaller  scriptural  dimensions  are  ex- 
pressed in  hand-breadths  and  spans. 
The  Egyptian  cubit,  which  was  sim- 
ilarly derived,  was  divided  into  digits 
which  were  finger-breadths  ;  and  each 
finger-breadth  was  more  definitely  ex- 
pressed as  being  equal  to  four  grains 
of  barley  placed  breadthwise.  Other 
ancient  measures  were  the  orgyia  or 
stretch  of  the  arms,  the  face,  and  the 
palm.  So  persistent  has  been  the 
use  of  these  natural  units  of  length 
in  the  East,  that  even  now  some  of 
the  Arabs  mete  out  cloth  by  the  fore- 
arm. So,  too,  is  it  with  European 
measures.  The  foot  prevails  as  a  di- 
mension throughout  Europe,  and  has 
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done  since  the  time  of  the  Romans 
by  whom,  also,  it  was  used :  its 
lengths  in  different  places  varying  no 
much  more  than  men's  feet  vary 
The  heights  of  horses  are  still  ex 
pressed  in  hands.  The  inch  is  the 
length  of  the  terminal  joint  of  the 
thumb  ;  as  is  clearly  shown  in  France 
where  pouce  means  both  thumb  anc 
inch.  Then  we  have  the  inch  dividec 
into  three  barley-corns. 

So  completely,  indeed,  have  these 
organic  dimensions  served  as  the  sub- 
strata of  all  mensuration,  that  it  is 
only  by  means  of  them  that  we  can 
form  any  estimate  of  some  of  the 
ancient  distances.  For  example,  the 
length  of  a  degree  on  the  earth's 
surface,  as  determined  by  the  Arabian 
astronomers  shortly  after  the  death  of 
Haroun-al-Raschid,  was  fifty-six  of 
their  miles.  We  know  nothing  of 
their  mile  further  than  that  it  was 
4000  cubits  ;  and  whether  these  were 
sacred  cubits  or  common  cubits, 
would  remain  doubtful,  but  that  the 
length  of  the  cubit  is  given  as  twenty- 
seven  inches,  and  each  inch  defined 
as  the  thickness  of  six  barley-grains. 
Thus  one  of  the  earliest  measurements 
of  a  degree  comes  down  to  us  in 
barley-grains.  Not  only  did  organic 
lengths  furnish  those  approximate 
measures  which  satisfied  men's  needs 
in  ruder  ages,  but  they  furnished  also 
the  standard  measures  required  in 
later  times.  One  instance  occurs  in 
our  own  history.  To  remedy  the 
irregularities  then  prevailing,  Henry 
I.  commanded  that  the  ulna,  or  an- 
cient ell,  which  answers  to  the 
modern  yard,  should  be  made  of  the 
exact  length  of  his  own  arm. 

Measures  of  weight  again  had  a 
like  derivation.  Seeds  seem  com- 
monly to  have  supplied  the  unit. 
The  original  of  the  carat  used  for 
weighing  in  India  is  a  small  bean. 
Our  own  systems,  both  troy  and  av- 
oirdupois, are  derived  primarily  from 
wheat-corns.  Our  smallest  weight, 
the  grain,  is  a  grain  of  wheat.  This 
is  not  a  speculation  ;  it  is  an  histori- 
cally registered  fact.  Henry  III.  en- 
acted that  an  ounce  should  be  the 


weight  of  640  dry  grains  of  wheat 
from  the  middle  of  the  ear.  And  as 
all  the  other  weights  are  multiples  or 
sub-multiples  of  this,  it  follows  that 
the  grain  of  wheat  is  the  basis  of  our 
scale.  So  natural  is  it  to  use  organic 
bodies  as  weights,  before  artificial 
weights  have  been  established,  or 
where  they  are  not  to  be  had,  that 
in  some  of  the  remoter  parts  of  Ire- 
land the  people  are  said  to  be 
in  the  habit,  even  now,  of  putting  a 
man  into  the  scales  to  serve  as  a 
measure  for  heavy  commodities. 

Similarly  with  time.  Astronomical 
periodicity,  and  the  periodicity  of  an- 
imal and  vegetable  life,  are  simulta- 
neously used  in  the  first  stages  of 
progress  for  estimating  epochs.  The 
simplest  unit  of  time,  the  day,  nature 
supplies  ready  made.  The  next  sim- 
plest period,  the  mooneth  or  month, 
is  also  thrust  upon  men's  notice  by 
the  conspicuous  changes  constituting 
a  lunation.  For  larger  divisions  than 
these,  the  phenomena  of  the  seasons, 
and  the  chief  events  from  time  to 
time  occurring,  have  been  used  by 
early  and  uncivilized  races.  Among 
the  Egyptians  the  rising  of  the  Nile 
served  as  a  mark.  The  New  Zea- 
landers  were  found  to  begin  their 
year  from  the  reappearance  of  the 
Pleiades  above  the  sea.  One  of  the 
uses  ascribed  to  birds,  by  the  Greeks, 
was  to  indicate  the  seasons  by  their 
migrations.  Barrow  describes  the  ab- 
original Hottentot  as  denoting  peri- 
ods by  the  number  of  moons  before 
or  after  the  ripening  of  one  of  his 
chief  articles  of  food.  He  further 
states  that  the  Kaffir  chronology  is 
cept  by  the  moon,  and  is  registered 
jy  notches  on  sticks — the  death  of 
a  favorite  chief,  or  the  gaining  of  a 
victory,  serving  for  a  new  era.  By 
which  last  fact  we  are  at  once  re- 
minded that  in  early  history  events 
are  commonly  recorded  as  occurring 
n  certain  reigns,  and  in  certain 
years  of  certain  reigns :  a  proceed- 
ng  which  practically  made  a  king's 
eign  a  measure  of  duration. 

And,  as  further  illustrating  the  ten- 
dency to  divide  time  by  natural  phe- 
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nomena  and  n  atural  events,  it  may 
be  noticed  that  even  by  our  own 
peasantry  the  definite  divisions  of 
months  and  years  are  but  little  used  ; 
and  that  they  habitually  refer  to  oc- 
currences as  "  before  sheep-shearing," 
or  "  after  harvest,"  or  "  about  the 
time  when  the  squire  died."  It  is 
manifest,  therefore,  that  the  more  or 
less  equal  periods  perceived  in  Nature 
gave  the  first  units  of  measure  for 
time  ;  as  did  Nature's  more  or  less 
equal  lengths  and  weights  give  the 
first  units  of  measure  for  space  and 
force. 

It  remains  only  to  observe,  as 
further  illustrating  the  evolution  of 
quantitative  ideas  after  this  manner, 
that  measures  of  value  were  similarly 
derived.  Barter,  in  one  form  or  other, 
is  found  among  all  but  the  very 
lowest  human  races.  It  is  obviously 
based  upon  the  notion  of  equality  of 
worth.  And  as  it  gradually  merges 
into  trade  by  the  introduction  of  some 
kind  of  currency,  we  find  that  the 
measures  of  worth,  constituting  this 
currency,  are  organic  bodies  ;  in  some 
cases  cowries,  in  others  cocoa-nuts,  in 
others  cattle,  in  others  pigs ;  among 
the  American  Indians  peltry  or  skins, 
and  in  Iceland  dried  fish. 

Notions  of  exact  equality  and  of 
measure  having  been  reached,  there 
came  to  be  definite  ideas  of  relative 
magnitudes  as  being  multiples  one 
of  another  ;  whence  the  practice  of 
measurement  by  direct  apposition  of 
a  measure.  The  determination  of 
linear  extensions  by  this  process  can 
scarcely  be  called  science,  though  it 
is  a  step  toward  it ;  but  the  deter- 
mination of  lengths  of  time  by  an 
analogous  process  may  be  considered 
as  one  of  the  earliest  samples  of 
quantitative  prevision.  For  when  it 
is  first  ascertained  that  the  moon 
completes  the  cycle  of  her  changes  in 
about  thirty  days — a  fact  known  to 
most  uncivilized  tribes  that  can  count 
beyond  the  number  of  their  fingers — 
it  is  manifest  that  it  becomes  possible 
to  say  in  what  number  of  days  any 
specified  phase  of  the  moon  will 
recur ;  and  it  is  also  manifest  that 
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this  prevision  is  effected  by  an  oppo- 
sition of  two  times,  after  the  same 
manner  that  linear  space  is  measured 
by  the  opposition  of  two  lines.  For 
to  express  the  moon's  period  in  days, 
is  to  say  how  many  of  these  units  of 
measure  are  contained  in  the  period 
to  be  measured — is  to  ascertain  the 
distance  between  two  points  in  time 
by  means  of  a  scale  of  days,  just  as 
we  ascertain  the  distance  between 
two  points  in  space  by  a  scale  of  feet 
or  inches  :  and  in  each  case  the  scale 
coincides  with  the  thing  measured — 
mentally  in  the  one,  visibly  in  the 
other.  So  that  in  this  simplest,  and 
perhaps  earliest  case  of  quantitative 
prevision,  the  phenomena  are  not  only 
thrust  daily  upon  men's  notice,  but 
Nature  is,  as  it  were,  perpetually  re- 
peating that  process  of  measurement 
by  observing  which  the  prevision  is 
effected.  And  thus  there  may  be 
significance  in  the  remark  which  some 
have  made,  that  alike  in  Hebrew, 
Greek,  and  Latin,  there  is  an  affinity 
between  the  word  meaning  moon,  and 
that  meaning  measure. 

This  fact,  that  in  very  early  stages 
of  social  progress  it  is  known  that  the 
moon  goes  through  her  changes  in 
about  thirty  days,  and  that  in  about 
twelve  moons  the  seasons  return — 
this  fact  that  chronological  astronomy 
assumes  a  certain  scientific  character 
even  before  geometry  does,  while  it 
is  partly  due  to  the  circumstance 
that  the  astronomical  divisions,  day, 
month,  and  year,  are  ready  made  for 
us,  is  partly  due  to  the  further  circum- 
stances that  agricultural  and  other 
operations  were  at  first  regulated 
astronomically,  and  that  from  the 
supposed  divine  nature  of  the  heaven- 
ly bodies  their  motions  determined 
the  periodical  religious  festivals.  As 
instances  of  the  one  we  have  the 
observation  of  the  Egyptians,  that  the 
rising  of  the  Nile  corresponded  with 
the  heliacal  rising  of  Sirius ;  the  direc- 
tions given  by  Hesiod  for  reaping 
and  ploughing,  according  to  the 
positions  of  the  Pleiades ;  and  his 
maxim  that  "  fifty  days  after  the  turn- 
ing of  the  sun  is  a  seasonable  time 
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for  beginning  a  voyage."  As  in- 
stances of  the  other,  we  have  the  nam- 
ing of  the  days  after  the  sun,  moon,  and 
planets;  the  early  attempts  among 
Eastern  nations  to  regulate, the  calen- 
dar so  that  the  gods  might  not  be 
offended  by  the  displacement  of  their 
sacrifices  ;  and  the  fixing  of  the  great 
annual  festival  of  the  Peruvians  by 
the  position  of  the  sun.  In  all  which 
facts  we  see  that,  at  first,  science  was 
simply  an  appliance  of  religion  and 
industry. 

After  the  discoveries  that  a  luna- 
tion occupies  nearly  thirty  days,  and 
that  some  twelve  lunations  occupy  a 
year — discoveries  of  which  there  is  no 
historical  account,  but  which  may  be 
inferred  as  the  earliest,  from  the  fact 
that  existing  uncivilized  races  have 
made  them — we  come  to  the  first 
known  astronomical  records,  which 
are  those  of  eclipses.  The  Chaldeans 
were  able  to  predict  these.  "  This 
they  did,  probably,"  says  Dr.  Whewell 
in  his  useful  history,  from  which  most 
of  the  materials  we  are  about  to  use 
will  be  drawn,  "  by  means  of  their 
cycle  of  223  months,  or  about  eighteen 
years  ;  for  at  the  end  of  this  time  the 
eclipses  of  the  moon  begin  to  return, 
at  the  same  intervals  and  in  the  same 
order  as  at  the  beginning."  Now  this 
method  of  calculating  eclipses  by 
means  of  a  recurring  cycle, — the 
Saros  as  they  called  it — is  a  more 
complex  case  of  prevision  by  means 
of  coincidence  of  measures.  For  by 
what  observations  must  the  Chaldeans 
have  discovered  this  cycle  ?  Obvious- 
ly, as  Delambre  infers,  by  inspecting 
their  registers ;  by  comparing  the 
successive  intervals ;  by  finding  that 
some  of  the  intervals  were  alike  ;  by 
seeing  that  these  equal  intervals  were 
eighteen  years  apart ;  by  discovering 
that  all  the  intervals  that  were  eigh- 
teen years  apart  were  equal ;  by  ascer- 
taining that  the  intervals  formed  a 
series  which  repeated  itself,  so  that  if 
one  of  the  cycles  of  intervals  were 
superposed  on  another  the  divisions 
would  fit.  This  once  perceived,  and 
it  manifestly  became  possible  to  use 
the  cycle  as  a  scale  of  time  by  which 


to  measure  out  future  periods.  See- 
ing thus  that  the  process  of  so  pre- 
dicting eclipses  is  in  essence  the 
same  as  that  of  predicting  the  moon's 
monthly  changes  by  observing  the 
number  of  days  after  which  they 
repeat — seeing  that  the  two  differ 
only  in  the  extent  and  irregularity  of 
the  intervals,  it  is  not  difficult  to 
understand  how  such  an  amount  of 
knowledge  should  so  early  have  been 
reached.  And  we  shall  be  less  sur- 
prised, on  remembering  that  the  only 
things  involved  in  these  previsions 
were  time  and  number ;  and  that  the 
time  was  in  a  manner  self-numbered. 
Still,  the  ability  to  predict  events 
recurring  only  after  so  long  a  period 
as  eighteen  years,  implies  a  considera- 
ble advance  in  civilization — a  consid- 
erable development  of  general  knowl- 
edge ;  and  we  have  now  to  inquire 
what  progress  in  other  sciences  accom- 
panied, and  was  necessary  to,  these 
astronomical  previsions.  In  the  first 
place,  there  must  clearly  have  been  a 
tolerably  efficient  system  of  calcula- 
tion. Mere  finger-counting,  mere 
head-reckoning,  even  with  the  aid  of 
a  regular  decimal  notation,  could  not 
have  sufficed  for  riumbering  the  days 
in  a  year;  much  less  the  years, 
months,  and  days  between  eclipses. 
Consequently  there  must  have  been  a 
mode  of  registering  numbers ;  proba- 
bly even  a  system  of  numerals.  The 
earliest  numerical  records,  if  we  may 
judge  by  the  practices  of  the  less  civ- 
ilized races  now  existing,  were  prob- 
ably kept  by  notches  cut  on  sticks, 
or  strokes  marked  on  walls;  much 
as  public-house  scores  are  kept  now. 
And  there  seems  reason  to  believe 
that  the  first  numerals  used  were 
simply  groups  of  straight  strokes,  as 
some  of  the  still-extant  Roman  ones 
are  ;  leading  us  to  suspect  that  these 
groups  of  strokes  were  used  to  repre- 
sent groups  of  fingers,  as  the  groups  of 
fingers  had  been  used  to  represent 
groups  of  objects — a  supposition  quite 
in  conformity  with  the  aboriginal  sys- 
tem of  picture  writing  and  its  sub- 
sequent modifications.  Be  this  so  or 
not,  however,  it  is  manifest  that  be- 
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fore  the  Chaldeans  discovered  their 
Saros,  there  must  have  been  both  a 
set  of  written  symbols  serving  for  an 
extensive  numeration,  and  a  familiar- 
ity with  the  simpler  rules  of  arithme- 
tic. 

Not  only  must  abstract  mathemat- 
ics have  made  some  progress,  but 
concrete  mathematics  also.  It  is 
scarcely  possible  that  the  buildings 
belonging  to  this  era  should  have  been 
laid  out  and  erected  without  any 
knowledge  of  geometry.  At  any  rate, 
there  must  have  existed  that  element- 
ary geometry  which  deals  with  direct 
measurement — with  the  apposition  of 
lines ;  and  it  seems  that  only  after 
the  discovery  of  those  simple  pro- 
ceedings, by  which  right  angles  are 
drawn,  and  relative  positions  fixed, 
could  so  regular  an  architecture  be 
executed.  In  the  case  of  the  other  di- 
vision of  concrete  mathematics — me- 
chanics, we  have  definite  evidence  of 
progress.  We  know  that  the  lever 
and  the  inclined  plane  were  employed 
during  this  period :  implying  that 
there  was  a  qualitative  prevision  of 
their  effects,  though  not  a  quantitative 
one.  But  we  know  more.  We  read 
of  weights  in  the  earliest  records : 
and  we  find  weights  in  ruins  of  the 
highest  antiquity.  Weights  imply 
scales,  of  which  we  have  also  men- 
tion ;  and  scales  involve  the  primary 
theorem  of  mechanics  in  its  least 
complicated  form — involve  not  a 
qualitative  but  a  quantitative  prevision 
of  mechanical  effects.  And  here  we 
may  notice  how  mechanics,  in  com- 
mon with  the  other  exact  sciences, 
took  its  rise  from  the  simplest  appli- 
cation of  the  idea  of  equality.  For 
the  mechanical  proposition  which  the 
scales  involve,  is,  that  if  a  lever  with 
equal  arms,  have  equal  weights  sus- 
pended from  them,  the  weights  will 
remain  at  equal  altitudes.  And  we 
may  further  notice,  how,  in  this  first 
step  of  rational  mechanics,  we  see 
illustrated  that  truth  awhile  since  re- 
ferred to,  that  as  magnitudes  of  linear 
extension  are  the  only  ones  of  which 
the  equality  is  exactly  ascertainable, 
the  equalities  of  other  magnitudes  have 


at  the  outset  to  be  determined  by 
means  of  them.  For  the  equality  of  the 
weights  which  balance  each  other  in 
scales  wholly  depends  upon  the  equali- 
ty of  the  arms ;  we  can  know  that  the 
weights  are  equal  only  by  proving 
that  the  arms  are  equal.  And  when 
by  this  means  we  have  obtained  a 
system  of  weights, — a  set  of  equal 
units  of  force,  then  does  a  science  of 
mechanics  become  possible.  Whence, 
indeed,  it  follows,  that  rational  me- 
chanics could  not  possibly  have  any 
other  starting-point  than  the  scales. 

Let  us  further  remember,  that  dur- 
ing this  same  period  there  was  a  lim- 
ited knowledge  of  chemistry.  The 
many  arts  which  we  know  to  have 
been  carried  on  must  have  been  im- 
possible without  a  generalized  expe- 
rience of  the  modes  in  which  certain 
bodies  affect  each  other  under  special 
conditions.  In  metallurgy,  which 
was  extensively  practiced,  this  is 
abundantly  illustrated.  And  we  even 
have  evidence  that  in  some  cases 
the  knowledge  possessed  was,  in  a 
sense,  quantitative.  For,  as  we  find 
by  analysis  that  the  hard  alloy  of 
which  the  Egyptians  made  their  cut- 
ting tools  was  composed  of  copper 
and  tin  in  fixed  proportions,  there 
must  have  been  an  established  pre- 
vision that  such  an  alloy  was  to  be 
obtained  only  by  mixing  them  in 
these  proportions.  It  is  true  this 
was  but  a  simple  empirical  general- 
ization ;  but  so  was  the  generalization 
respecting  the  recurrence  of  eclipses  ; 
so  are  the  first  generalizations  of 
every  science. 

Respecting  the  simultaneous  ad- 
vance of  the  sciences  during  this 
early  epoch,  it  only  remains  to  re- 
mark that  even  the  most  complex  of 
them  must  have  made  some  progress 
— perhaps  even  a  greater  relative 
progress  than  any  of  the  rest.  For 
under  what  conditions  only  were  the 
foregoing  developments  possible  ? 
There  first  required  an  established 
and  organized  social  system.  A  long 
continued  registry  of  eclipses ;  the 
building  of  palaces ;  the  use  of  scales  ; 
the  practice  of  metallurgy — alike  imply 
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a  fixed  and  populous  nation.  The 
existence  of  such  a  nation  not 
only  presupposes  laws,  and  some  ad- 
ministration of  justice,  which  we 
know  existed,  but  it  presupposes  suc- 
cessful laws — laws  conforming  in 
some  degree  to  the  conditions  of 
social  stability — laws  enacted  because 
it  was  seen  that  the  actions  forbidden 
by  them  were  dangerous  to  the  State. 
We  do  not  by  any  means  say  that 
all  or  even  the  greater  part,  of  the 
laws  were  of  this  nature  ;  but  we  do 
say  that  the  fundamental  ones  were. 
It  cannot  be  denied  that  the  laws 
affecting  life  and  property  were  such. 
It  cannot  be  denied  that,  however 
little  these  were  enforced  between 
class  and  class,  they  were  to  a  con- 
siderable extent  enforced  between 
members  of  the  same  class.  It  can 
scarcely  be  questioned  that  the  ad- 
ministration of  them  between  mem- 
bers of  the  same  class  was  seen  by 
rulers  to  be  necessary  for  keeping 
their  subjects  together.  And  know- 
ing, as  we  do,  that,  other  things  equal, 
nations  prosper  in  proportion  to  the 
justness  of  their  arrangements,  we 
may  fairly  infer  that  the  very  cause 
of  the  advance  of  these  earliest  na- 
tions out  of  aboriginal  barbarism, 
was  the  greater  recognition  among 
them  of  the  claims  to  life  and  prop- 
erty. 

But  supposition  aside,  it  is  clear 
that  the  habitual  recognition  of  these 
claims  in  their  laws  implied  some 
prevision  of  social  phenomena.  Even 
thus  early  there  was  a  certain  amount 
of  social  science.  Nay,  it  may  even 
be  shown  that  there  was  a  vague  rec- 
ognition of  that  fundamental  principle 
on  which  all  the  true  social  science 
is  based — the  equal  rights  of  all  to 
the  free  exercise  of  their  faculties. 
That  same  idea  of  equality,  which,  as 
we  have  seen,  underlies  all  other 
science,  underlies  also  morals  and 
sociology.  The  conception  of  justice, 
which  is  the  primary  one  in  morals, 
and  the  administration  of  justice, 
which  is  the  vital  condition  of  social 
existence,  are  impossible  without 
the  recognition  of  a  certain  likeness 


in  men's  claims,  in  virtue  of  their 
common  humanity.  Rquity  literally 
means  equalness ;  and  if  it  be  ad- 
mitted that  there  were  even  the 
vaguest  ideas  of  equity  in  these  prim- 
itive eras,  it  must  be  admitted  that 
there  was  some  appreciation  of  the 
equalness  of  men's  liberties  to  pur- 
sue the  objects  of  life — some  appre- 
ciation, therefore,  of  the  essential 
principle  of  national  equilibrium. 

Thus  in  this  initial  stage  of  the 
positive  sciences,  before  geometry 
had  yet  done  more  than  evolve  a  few 
empirical  rules  —  before  mechanics 
had  passed  beyond  its  first  theorem 
—  before  astronomy  had  advanced 
from  its  merely  chronological  phase 
into  the  geometrical,  the  most  in- 
volved of  the  sciences  had  reached 
a  certain  degree  of  development — a 
development  without  which  no  prog- 
ress in  other  sciences  was  possible. 

Only  noting  as  we  pass  how,  thus 
early,  we  may  see  that  the  progress 
of  exact  science  was  not  only  toward 
an  increasing  number  of  previsions, 
but  toward  previsions  more  accurate- 
ly quantitative — how,  in  astronomy, 
the  recurring  period  of  the  moon's 
motions  was  by  and  by  more  correctly 
ascertained  to'  be  nineteen  years,  or 
two  hundred  and  thirty-five  lunations ; 
how  Callipus  further  corrected  this 
Metonic  cycle,  by  leaving  out  a  day 
at  the  end  of  every  seventy-six  years  ; 
and  how  these  successive  advances 
implied  a  longer  continued  registry 
of  observations,  and  the  co-ordination 
of  a  greater  number  of  facts — let  us 
go  on  to  inquire  how  geometrical  as- 
tronomy took  its  rise. 

The  first  astronomical  instrument 
was  the  gnomon.  This  was  not  only 
early  in  use  in  the  East,  but  it  was 
found  also  among  the  Mexicans ;  the 
sole  astronomical  observations  of  the 
Peruvians  were  made  by  it,  and  we 
read  that  noo  B.C.,  the  Chinese  found 
that,  at  a  certain  place,  the  length 
of  the  sun's  shadow,  at  the  sum- 
mer solstice,  was  to  the  height  of  the 
gnomon,  as  one  and  a  half  to  eight. 
Here  again  it  is  observable,  not  only 
that  the  instrument  is  found  ready 
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made,  but  that  Nature  is  perpetually 
performing  the  process  of  measure- 
ment. Any  fixed,  erect  object — a 
column,  a  dead  palm,  a  pole,  the 
angle  of  a  building — serves  for  a 
gnomon  ;  and  it  needs  but  to  notice 
the  changing  position  of  the  shadow 
it  daily  throws,  to  make  the  first  step 
in  geometrical  astronomy.  How 
small  this  first  step  was,  may  be 
seen  in  the  fact  that  the  only  things 
ascertained  at  the  outset  were  the 
periods  of  the  summer  and  winter 
solstices,  which  corresponded  with 
the  least  and  greatest  lengths  of 
the  midday  shadow  ;  and  to  fix  which, 
it  was  needful  merely  to  mark  the 
point  to  which  each  day's  shadow 
reached. 

And  now  let  it  not  be  overlooked 
that  in  the  observing  at  what  time 
during  the  next  year  this  extreme 
limit  of  the  shadow  was  again 
reached,  and  in  the  inference  that 
the  sun  had  then  arrived  at  the  same 
turning  point  in  his  annual  course, 
we  have  one  of  the  simplest  instances 
of  that  combined  use  of  equal  magni- 
tudes and  equal  relations,  by  which  all 
exact  science,  all  quantitative  previs- 
ion, is  reached.  For  the  relation 
observed  was  between  the  length  of 
the  sun's  shadow  and  his  position 
in  the  heavens ;  and  the  inference 
drawn  was  that  when,  next  year,  the 
extremity  of  his  shadow  came  to  the 
same  point,  he  occupied  the  same 
place.  That  is,  the  ideas  involved 
were,  the  equality  of  the  shadows, 
and  the  equality  of  the  relations  be- 
tween shadow  and  sun  in  successive 
years.  As  in  the  case  of  the  scales, 
the  equality  of  relations  here  recog- 
nized is  of  the  simplest  order.  It  is 
not  as  those  habitually  dealt  with  in 
the  higher  kinds  of  scientific  reason- 
ing, which  answer  to  the  general 
type — the  relation  between  two  and 
three  equals  the  relation  between  six 
and  nine  ;  but  it  follows  the  type — 
the  relation  between  two  and  three 
equals  the  relation  between  two  and 
three ;  it  is  a  case  of  not  simply 
equal  relations,  but  coinciding  rela- 
tions. And  here,  indeed,  we  may 
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see  beautifully  illustrated  how  the 
idea  of  equal  relations  takes  its  rise 
after  the  same  manner  that  that  of 
equal  magnitude  does.  As  already 
shown,  the  idea  of  equal  magnitudes 
arose  from  the  observed  coincidence 
of  two  lengths  placed  together ;  and 
in  this  case  we  have  not  only  two 
coincident  lengths  of  shadows,  but 
two  coincident  relations  between  sun 
and  shadows. 

From  the  use  of  the  gnomon  there 
naturally  grew  up  the  conception  of 
angular  measurements  ;  and  with  the 
advance  of  geometrical  conceptions 
there  came  the  hemisphere  of  Bero- 
sus,  the  equinoctial  armil,  the  solsti- 
tial armil,  and  the  quadrant  of 
Ptolemy — all  of  them  employing  shad- 
ows as  indices  of  the  sun's  position, 
but  in  combination  with  angular  di- 
visions. It  is  obviously  out  of  the 
question  for  us  here  to  trace  these 
details  of  progress.  It  must  suffice 
to  remark  that  in  all  of  them  we  may 
see  that  notion  of  equality  of  rela- 
tions of  a  more  complex  kind,  which 
is  best  illustrated  in  the  astrolabe,  an 
instrument  which  consisted  "  of  cir- 
cular rims,  movable  one  within  the 
other,  or  about  poles,  and  contained 
circles  which  were  to  be  brought  into 
the  position  of  the  ecliptic,  and  of  a 
plane  passing  through  the  sun  and 
the  poles  of  the  ecliptic  " — an  instru- 
ment, therefore,  which  represented,  as 
by  a  model,  the  relative  positions  of 
certain  imaginary  lines  and  planes  in 
the  heavens  which  was  adjusted  by 
putting  these  representative  lines  and 
planes  into  parallelism  and  coinci- 
dence with  the  celestial  ones,  and 
which  depended  for  its  use  upon  the 
perception  that  the  relations  between 
these  representative  lines  and  planes 
were  equal  to  the  relations  between 
those  represented. 

Were  there  space,  we  might  go  on 
to  point  out  how  the  conception  of 
the  heavens  as  a  revolving  hollow 
sphere,  the  discovery  of  the  globular 
form  of  the  earth,  the  explanation  of 
the  moon's  phases,  and  indeed  all 
the  successive  steps  taken,  involved 
this  same  mental  process.  But  we 
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must  content  ourselves  with  referring 
to  the  theory  of  eccentrics  and  epi- 
cycles, as  a  further  marked  illus- 
tration of  it.  As  first  suggested,  and 
as  proved  by  Hipparchus  to  afford  an 
explanation  of  the  leading  irregular- 
ities in  the  celestial  motions,  this 
theory  involved  the  perception  that 
the  progressions,  retrogressions,  and 
variations  of  velocity  seen  in  the 
heavenly  bodies,  might  be  reconciled 
with  their  assumed  uniform  move- 
ment in  circles,  by  supposing  that 
the  earth  was  not  in  the  center  of 
their  orbits,  or  by  supposing  that 
they  revolved  in  circles  whose  cen- 
ters revolved  round  the  earth,  or  by 
both.  The  discovery  that  this  would 
account  for  the  appearances,  was  the 
discovery  that  in  certain  geometrical 
diagrams  the  relations  were  such, 
that  the  uniform  motion  of  a  point 
would,  when  looked  at  from  a  partic- 
ular position,  present  analogous  ir- 
regularities; and  the  calculations  of 
Hipparchus  involved  the  belief  that 
the  relations  subsisting  among  these 
geometrical  curves  were  equal  to  the 
relations  subsisting  among  the  celes- 
tial orbits. 
Leaving 

astronomical  progress,  and  the  philos- 
ophy of  it,  let  us  observe  how  the 
relatively  concrete  science  of  geomet- 
rical astronomy,  having  been  thus 
far  helped  forward  by  the  develop- 
ment of  geometry  in  general,  reacted 
upon  geometry,  caused  it  also  to  ad- 
vance, and  was  again  assisted  by  it. 
Hipparchus,  before  making  his  solar 
and  lunar  tables,  had  to  discover 
rules  for  calculating  the  relations 
between  the  sides  and  angles  of 
triangles — trigonometry  a  sub-division 
of  pure  mathematics.  Further,  the 
reduction  of  the  doctrine  of  the 
sphere  to  the  quantitative  form 
needed  for  astronomical  purposes, 
required  the  formation  of  a  spherical 
trigonometry,  which  was  also  achieved 
by  Hipparchus.  Thus  both  plane 
and  spherical  trigonometry,  which 
are  parts  of  the  highly  abstract  and 
simple  science  of  extension,  remained 
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and  more  complex  science  of  the 
celestial  motions  had  need  of  them. 
The  fact  admitted  by  M.  Comte,  that 
since  Descartes  the  progress  of  the 
abstract  division  of  mathematics  has 
been  determined  by  that  of  the  con- 
crete division,  is  paralleled  by  the 
still  more  significant  fact  that  even 
thus  early  the  progress  of  mathemat- 
ics was  determined  by  that  of  astron- 
omy. 

And  here,  indeed,  we  may  see 
exemplified  the  truth,  which  the  sub- 
sequent history  of  science  frequently 
illustrates,  that  before  any  more  ab- 
stract division  makes  a  further  ad- 
vance, some  more  concrete  division 
must  suggest  the  necessity  for  that 
advance — must  present  the  new  or- 
der of  questions  to  be  solved.  Be- 
fore astronomy  presented  Hipparchus 
with  the  problem  of  solar  tables,  there 
was  nothing  to  raise  the  question  of 
the  relations  between  lines  and  an- 
gles ;  the  subject-matter  of  trigonom- 
etry had  not  been  conceived.  And 
as  there  must  be  subject-matter  be- 
fore there  can  be  investigation,  it 
follows  that  the  progress  of  the  con- 
crete divisions  is  as  necessary  to  that 
of  the  abstract  as  the  progress  of 
the  abstract  to  that  of  the  concrete. 

Just  incidentally  noticing  the  cir- 
cumstance that  the  epoch  we  are 
describing  witnessed  the  evolution  of 
algebra,  a  comparatively  abstract 
division  of  mathematics,  by  the 
union  of  its  less  abstract  divisions, 
geometry  and  arithmetic — a  fact 
proved  by  the  earliest  extant  samples 
of  algebra,  which  are  half  algebraic, 
half  geometric — we  go  on  to  observe 
that  during  the  era  in  which  math- 
ematics and  astronomy  were  thus 
advancing,  rational  mechanics  made 
its  second  step  ;  and  something  was 
done  toward  giving  a  quantitative 
form  to  hydrostatics,  optics,  and  har- 
monics. In  each  case  we  shall  see 
as  before,  how  the  idea  of  equality 
underlies  all  quantitative  prevision ; 
and  in  what  simple  forms  this  idea  is 
first  applied. 

As  already  shown,  the  first  theorem 


undeveloped  until   the   less  abstract '  established   in   mechanics   was,    that 
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equal  weights  suspended  from  a  lever 
with  equal  arms  would  remain  in 
equilibrium.  Archimedes  discovered 
that  a  lever  with  unequal  arms  was 
in  equilibrium  when  one  weight  was 
to  its  arm  as  the  other  arm  to  its 
weight;  that  is — when  the  numerical 
relation  between  one  weight  and  its 
arm  was  equal  to  the  numerical  rela- 
tion between  the  other  arm  and  its 
weight. 

The  first  advance  made  in  hy- 
drostatics, which  we  also  owe  to 
Archimedes,  was  the  discovery  that 
fluids  press  equally  in  all  directions ; 
and  from  this  followed  the  solution 
of  the  problem  of  floating  bodies  : 
namely,  that  they  are  in  equilibrium 
when  the  upward  and  downward 
pressures  are  equal. 

In  optics,  again,  the  Greeks  found 
that  the  angle  of  incidence  is  equal 
to  the  angle  of  reflection  ;  and  their 
knowledge  reached  no  further  than  to 
such  simple  deductions  from  this  as 
their  geometry  sufficed  for.  In  har- 
monics they  ascertained  the  fact  that 
three  strings  of  equal  lengths  would 
yield  the  octave,  fifth  and  fourth, 
when  strained  by  weights  having 
certain  definite  ratios  ;  and'  they  did 
not  progress  much  beyond  this.  In 
the  one  of  which  cases  we  see  geom- 
etry used  in  elucidation  of  the  laws 
of  light ;  and  in  the  other,  geometry 
and  arithmetic  made  to  measure  the 
phenomena  of  sound. 

Did  space  permit,  it  would  be  de- 
sirable here  to  describe  the  state  o\ 
the  less  advanced  sciences — to  poini 
out  how,  while  a  few  had  thus  reachec 
the  first  stages  of  quantitative  prevision 
the  rest  were  progressing  in  qualitative 
prevision — how  some  small  generali- 
zations were  made  respecting  evapo- 
ration and  heat,  and  electricity  anc 
magnetism,  which,  empirical  as  they 
were,  did  not  in  that  respect  differ 
from  the  first  generalizations  of  every 
science — how  the  Greek  physicians 
had  made  advances  in  physiology  anc 
pathology,  which,  considering  the  grea 
imperfection  of  our  present  knowledge 
are  by  no  means  to  be  despised — hov 
zoology  had  been  so  far  systematize 


>y  Aristotle,  as,  to  some  extent,  ena- 
le  him  from  the  presence  of  certain 
>rgans   to   predict    the   presence    of 
>thers — how   in    Aristotle's    Politics, 
here   is  some  progress  toward  a  sci- 
ntific  conception  of  social  phenom- 
na,  and  sundry  previsions  respecting 
hem — and  how   in  the   state   of  the 
reek  societies,  as  well  as  in  the  writ- 
ngs  of  Greek   philosophers,  we  may 
ecognize  not  only  an  increasing  clear- 
ness in  that  conception  of  equity  on 
which  the  social  science  is  based,  but 
Iso  some  appreciation  of  the  fact  that 
>ocial   stability    depends    upon    the 
maintenance  of  equitable  regulations. 
We  might  dwell  at  length  upon   the 
causes   which    retarded   the  develop- 
ment of  some  of  the  sciences,  as  for 
example,  chemistry  :  showing  that  rel- 
ative complexity  had  nothing   to   do 
with  it — :that  the  oxidation  of  a  piece 
of  iron  is  a  simpler  phenomenon  than 
the  recurrence  of  eclipses,  and  the  dis- 
covery of  carbonic  acid  less  difficult 
han   that  of   the  'precession  of  the 
equinoxes — but  that  the  relatively  slow 
advance  of  chemical  knowledge  was 
due,  partly   to  the  fact  that   its   phe- 
nomena were  not  daily  thrust  on  men's 
notice    as  those  of   astronomy   were  ; 
partly  to  the  fact  that  nature  does  not 
iiabitually  supply  the  means,  and  sug- 
gest the  modes  of  investigation,  as  in 
the  sciences  dealing  with  time  exten- 
sion, and  force  ;  and  partly  to  the  fact 
that   the   great   majority   of   the  ma- 
terials with  which  chemistry  deals,  in- 
stead  of   being   ready  to   fiand,   are 
made  known  only  by  the  arts  in  their 
slow   growth ;  and  partly  to  the  fact 
that  even  when  known,  their  chemical 
properties  are  not  self-exhibited,  but 
have  to  be  sought  out  by  experiment. 
Merely  indicating  all  these  consid- 
erations, however,  let  us  go  on  to  con- 
template the  progress  and  mutual  in- 
fluence of  the  sciences  in  modern  days ; 
only  parenthetically  noticing  how,  on 
the  revival  of  the  scientific  spirit,  the 
successive  stages  achieved  exhibit  the 
dominance  of  the  same  law  hitherto 
traced — how  the  primary  idea  in  dy- 
namics, a  uniform  force,  was  defined 
by  Galileo  to  be  a  force  which  gener- 
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gates  equal  velocities  in  equal  succes- 
sive times — how  the  uniform  action  of 
gravity  was  first  experimentally  deter- 
mined by  showing  that  the  time  elaps- 
ing before  a  body  thrown  up,  stopped, 
was  equal  to  the  time  it  took  to  fall — 
how  the  first  fact  in  compound  motion 
which  Galileo  ascertained  was,  that  a 
body  projected  horizontally  will  have 
a  uniform  motion  onward  and  a  uni- 
formly accelerated  motion  downward ; 
that  is,  will  describe  equal  horizontal 
spaces  in  equal  times,  compounded 
with  equal  vertical  increments  in  equal 
times — how  his  discovery  respecting 
the  pendulum  was,  that  its  oscillations 
occupy  equal  intervals  of  time  what- 
ever their  length — how  the  principal 
of  virtual  velocities  which  he  establish- 
ed is,  that  in  any  machine  the  weights 
that  balance  each  other,  are  recipro- 
cally as  their  virtual  velocities;  that 
is,  the  relation  of  one  set  of  weights 
to  their  velocities  equals  the  relation 
of  the  other  set  of  velocities  to  their 
weights; — and  how  thus  his  achieve- 
ments consisted  in  showing  the  equal- 
ities of  certain  magnitudes  and  re- 
lations, whose  equalities  had  not  been 
previously  recognized. 

When  mechanics  had  reached  the 
point  to  which  Galileo  brought  it — 
when  the  simple  laws  of  force  had 
been  disentangled  from  the  friction 
and  atmospheric  resistance  by  which 
all  their  earthly  manifestations  are 
disguised — when  progressing  knowl- 
edge of  physics  had  given  a  due  in- 
sight into  these  disturbing  causes — 
when,  by  an  effort  of  abstraction,  it 
was  perceived  that  all  motion  would 
be  uniform  and  rectilinear  unless  in- 
terfered with  by  external  forces — and 
when  the  various  consequences  of  this 
perception  had  been  worked  out ;  then 
it  became  possible,  by  the  union  of 
geometry  and  mechanics,  to  initiate 
physical  astronomy.  Geometry  and 
mechanics  having  diverged  from  a 
common  root  in  men's  sensible  experi- 
ences ;  having,  with  occasional  inoscu- 
lations, been  separately  developed,  the 
one  partly  in  connection  with  astron- 


omy, the  other  solely  by  analyzing  ter- 
restrial movements,  now  join   in  the 


3-2 


investigations  of  Newton  to  create  a 
true  theory  of  the  celestial  motions. 
And  here,  also,  we  have  to  notice  the 
important  fact  that,  in  the  very  process 
of  being  brought  jointly  to  bear  upon 
astronomical  problems,  they  are  them- 
selves raised  to  a  higher  phase  of  de- 
velopment. For  it  was  in  dealing 
with  the  questions  raised  by  celestial 
dynamics  that  the  then  incipient  in- 
finitesimal calculus  was  unfolded  by 
Newton  and  his  continental  successors 
and  it  was  from  inquiries  into  the  me- 
chanics of  the  solar  system  that  the 
general  theorems  of  mechanics  con- 
tained in  the  "  Principia," — many  of 
them  of  purely  terrestrial  application 
— took  their  rise.  Thus,  as  in  the  case 
of  Hipparchus,  the  presentation  of  a 
new  order  of  concrete  facts  to  be  ana- 
lyzed, led  to  the  discovery  of  new  ab- 
stract facts ;  and  these  abstract  facts 
having  been  laid  hold  of,  gave  means 
of  access  to  endless  groups  of  con- 
crete facts  before  incapable  of  quan- 
titative treatment. 

Meanwhile,  physics  had  been  car- 
rying further  that  progress  without 
which,  as  just  shown,  rational  mechan- 
ics could  not  be  disentangled.  In  hy- 
drostatics, Stevinus  had  extended  and 
applied  the  discovery  of  Archimedes. 
Torricelli  had  proved  atmospheric 
pressure,  "by  showing  that  this  pres- 
sure sustained  different  liquids  at 
heights  inversely  proportional  to  their 
densities ;  "  and  Pascal  "  established 
the  necessary  diminution  of  this  pres- 
sure at  increasing  heights  in  the  at- 
mosphere :  "  discoveries  which  in  part 
reduced  this  branch  of  science  to  a 
quantitative  form.  Something  had 
been  done  by  Daniel  Bernouilli  to- 
ward the  dynamics  of  fluids.  The 
thermometer  had  been  invented  ;  and 
a  number  of  small  generalizations 
reached  by  it.  Huyghens  and  Newton 
had  made  considerable  progress  in 
optics ;  Newton  had  approximately  cal- 
culated the  rate  of  transmission  of 
sound;  and  the  continental  mathe- 
maticians had  succeeded  in  determin- 
ing some  of  the  laws  of  sonorous  vi- 
brations. Magnetism  and  electricity 
had  been  considerably  advanced  by 
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Gilbert.  Chemistry  had  got  as  far  as 
the  mutual  neutralization  of  acids  and 
alkalies.  And  Leonardo  da  Vinci  had 
advanced  in  geology  to  the  conception 
of  the  deposition  of  marine  strata  as 
the  origin  of  fossils.  Our  present 
purpose  does  not  require  that  we 
should  give  particulars.  All  that  it 
here  concerns  us  to  do  is  to  illustrate 
the  consensus  subsisting  in  this  stage 
of  growth,  and  afterward,  iet  us 
look  at  a  few  cases. 

The  theoretic  law  of  the  velocity  of 
sound  enunciated  by  Newton  on  purely 
mechanical  considerations,  was  found 
wrong  by  one-sixth.  The  error  re- 
mained unaccounted  for  until  the  time 
of  Laplace,  who,  suspecting  that  the 
heat  disengaged  by  the  compression 
of  the  undulating  strata  ot  the  air, 
gave  additional  elasticity,  and  so  pro- 
duced the  difference,  made  the  need- 
ful calculations  and  found  he  was  right. 
Thus  acoustics  was  arrested  until  ther- 
mology  overtook  and  aided  it.  When 
Boyle  and  Harriot  had  discovered  the 
relation  between  the  density  of  gases 
and  the  pressures  they  are  subject  to  ; 
and  when  it  thus  became  possible  to 
calculate  the  rate  of  decreasing  density 
in  the  upper  parts  of  the  atmos- 
phere ;  it  also  became  possible  to 
make  approximate  tables  of  the  at- 
mospheric refraction  of  light.  Thus 
optics,  and  with  it  astronomy,  advanced 
with  barology.  After  the  discovery 
of  atmospheric  pressure  had  led  to  the 
invention  of  the  air-pump  by  Otto 
Guericke  ;  and  after  it  had  become 
known  that  evaporation  increases  in 
rapidity  as  atmospheric  pressure  de- 
creases, it  became  possible  for  Leslie, 
by  evaporation  in  a  vacuum,  to  pro- 
duce the  greatest  cold  known  ;  and  so 
to  extend  our  knowledge  of  thermology 
by  showing  that  there  is  no  zero  with- 
in reach  of  our  researches.  When 
Fourier  had  determined  the  laws  of 
conduction  of  heat,  and  when  the 
Earth's  temperature  had  been  found 
to  increase  below  the  surface  one  de- 
gree in  every  forty  yards,  there  were 
data  for  inferring  the  past  condition 
of  our  globe  ;  the  vast  period  it  has 
taken  to  cool  down  to  its  present  state 


and  the  immense  age  of  the  solar 
system — a  purely  astronomical  consid- 
eration. 

Chemistry  having  advanced  suffi- 
ciently to  supply  the  needful  mate- 
•ials,  and  a  physiological  experiment 
laving  furnished  the  requisite  hint, 
here  came  the  discovery  of  galvanic 
electricity.  Galvanism  reacting  on 
hemistry  disclosed  the  metallic  bases 
of  the  alkalies,  and  inaugurated  the 
electro-chemical  theory ;  in  the  hands 
of  Oersted  and  Ampere  it  led  to  the 
laws  of  magnetic  action  ;  and  by  its 
aid  Faraday  has  detected  significant 
Facts  relative  to  the  constitution  of 
light.  Brewster's  discoveries  respect- 
ing double  refraction  and  dipolariza- 
tion  proved  the  essential  truth  of  the 
classification  of  crystalline  forms  ac- 
cording to  the  number  of  axes,  by 
showing  that  the  molecular  constitu- 
tion depends  upon  the  axes.  In  these 
and  in  numerous  other  cases,  the 
mutual  influence  of  the  sciences  has 
been  quite  independent  of  any  sup- 
posed hierarchical  order.  Often,  too, 
their  interactions  are  more  complex 
than  as  thus  instanced — involve  more 
sciences  than  two.  One  illustration 
of  this  must  suffice.  We  quote  it 
in  full  from  the  History  of  the  Induc- 
tive Sciences.  In  Book  XL,  chap.  II., 
on  "  The  Progress  of  the  Electrical 
Theory,"  Dr.  Whewell  writes  :— 

"  Thus  at  that  period,  mathematics  was  be- 
hind experiment,  and  a  problem  was  proposed 
in  which  theoretical  results  were  wanted  for 
comparison  with  observation,  but  could  not  be 
accurately  obtained ;  as  was  the  case  in  as- 
tronomy also,  till  the  time  of  the  approximate 
solution  of  the  problem  of  three  bodies,  and 
the  consequent  formation  of  the  tables  of  the 
moon  and  planets,  on  the  theory  of  universal 


gravitation, 
theory    was 


After    some   time, 
relieved  from   this 


electrical 
reproach, 


mainly  in  consequence  of  the  progress  which 
astronomy  had  occasioned  in  pure  mathe- 
matics. About  1801  there  appeared  in  the 
Bulletin  des  Sciences,  an  exact  solution  of  the 
problem  of  the  distribution  of  electric  fluid 
on  a  spheroid,  obtained  by  Biot,  by  the 
application  of  the  peculiar  methods  which 
Laplace  had  invented  for  the  problem  of  the 
figure  of  the  planets.  And,  in  181 1,  M.  Pois- 
son  applied  Laplace's  artifices  to  the  case  of 
two  spheres  acting  upon  one  another  in  con- 
tact, a  case  to  which  many  of  Coulomb's 
experiments  were  referable  ;  and  the  agree- 
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ment  of  the  results  of  theory  and  observation 
thus  extricated  from  Coulomb's  numbers, 
obtained  above  forty  years  previously,  was 
very  striking  and  convincing." 

Not  only  do  the  sciences  affect  each 
other  after  this  direct  manner,  but 
they  affect  each  other  indirectly. 
Where  there  is  no  dependence, 
there  is  yet  analogy — equality  of 
relations;  and  the  discovery  of 
the  relations  subsisting  among  one 
set  of  phenomena  constantly  suggests 
a  search  for  the  same  relations  among 
another  set.  Thus  the  established 
fact  that  the  force  of  gravitation 
varies  inversely  as  the  square  of  the 
distance,  being  recognized  as  a  neces- 
sary characteristic  of  all  influences 
proceeding  from  a  center,  raised  the 
suspicion  that  heat  and  light  follow  the 
same  law;  which  proved  to  be  the 
case — a  suspicion  and  a  confirmation 
which  were  repeated  in  respect  to  the 
electric  and  magnetic  forces.  Thus 
again  the  discovery  of  the  polarization 
of  light  led  to  experiments  which 
ended  in  the  discovery  of  the  polariza- 
tion of  heat — a  discovery  that  could 
never  have  been  made  without  the 
antecedent  one.  Thus,  too,  the 
known  refrangibility  of  light  and  heat 
lately  produced  the  inquiry  whether 
sound  also  is  not  refrangible  ;  which 
on  trial  it  turns  out  to  be. 

In  some  cases,  indeed,  it  is  only  by 
the  aid  of  conceptions  derived  from 
one  class  of  phenomena  that  hypoth- 
eses respecting  other  classes  can  be 
formed.  The  theory,  at  one  time 
favored,  that  evaporation  is  a  solution 
of  water  in  air,  was  an  assumption 
that  the  relation  between  water  and 
air  is  like  the  relation  between  salt 
and  water  ;  and  could  never  have  been 
conceived  if  the  relation  between  salt 


and  water  had  not  been  previously 
known.  Similarly  the  received  theory 
of  evaporation — that  it  is  a  diffusion 
of  the  particles  of  the  evaporating 
fluid  in  virtue  of  their  atomic  repul- 
sion— could  not  have  been  entertained 
without  a  foregoing  experience  of 
magnetic  and  electric  repulsions.  So 
complete  in  recent  days  has  become 
this  consensus  among  the 


caused  either  by  the  natural  entangle- 
ment of  their  phenomena,  or  by  analo- 
gies in  the  relation  of  their  phenom- 
ena, that  scarcely  any  considerable 
discovery  concerning  one  order  of 
facts  now  takes  place  without  very 
shortly  leading  to  discoveries  concern- 
ing other  orders. 

To  produce  a  tolerably  complete 
conception  of  this  process  of  scientific 
evolution,  it  would  be  needful  to  go 
back  to  the  beginning,  and  trace  in 
detail  the  growth  of  classifications  and 
nomenclatures  ;  and  to  show  how,  as 
subsidiary  to  science,  they  have  acted 
upon  it,  and  it  has  reacted  upon  them. 
We  can  only  now  remark  that,  on  the 
one  hand,  classifications  and  nomen- 
clatures have  aided  science  by  con- 
tinually subdividing  the  subject-mat- 
ter of  research,  and  giving  fixity  and 
diffusion  to  the  truths  disclosed  ;  and 
that  on  the  other  hand,  they  have 
caught  from  it  that  increasing  quan- 
titativeness,  and  that  progress  from 
considerations  touching  single  phe- 
nomena to  considerations  touching  the 
relations  among  many  phenomena, 
which  we  have  been  describing. 

Of  this  last  influence  a  few  illustra- 
tions must  be  given.  In  chemistry  it 
is  seen  in  the  facts  that  the  dividing 
of  matter  into  the  four  elements  was 
ostensibly  based  upon  the  single  prop- 
erty of  weight ;  that  the  first  truly 
chemical  division  into  acid  and  alka- 
line bodies,  grouped  together  bodies 
which  had  not  simply  one  property 
in  common,  but  in  which  one  prop- 
erty was  constantly  related  to  many 
others ;  and  that  the  classification 
now  current  places  together  in 
groups  supporters  of  combustion,  metal- 
lic and  non-metallic  bases,  acids,  salts, 
etc.,  bodies  which  are  often  quite  un- 


like in  sensible  qualities,  but  which 
are  like  in  the  majority  of  their  rela- 
tions to  other  bodies.  In  mineralogy 
again,  the  first  classifications  were 
based  upon  differences  in  aspect,  text- 
ure, and  other  physical  attributes. 
Berzelius  made  two  attempts  at  a 
classification  based  solely  on  chemical 
constitution.  That  now  current 
sciences,  I  recognizes  as  far  as  possible  the  relct- 
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tions  between  physical  and  chemical 
characters.  In  botany  the  earliest 
classes  formed  were  trees,  shrubs  and 
herbs ;  magnitude  being  the  basis  of 
distinction.  Dioscorides  divided  vege- 
tables into  aromatic,  alimentary,  me- 
dicinal, and  vinous:  a  division  of  chemi- 
cal character.  Caesalphinus  classified 
them  by  the  seeds,  and  seed-vessels, 
which  he  preferred  because  of  the 
relations  found  to  subsist  between  the 
character  of  the  fructification  and  the 
general  character  of  the  other  parts. 

While  the  "  natural  system"  since 
developed,  carrying  out  the  doctrine 
of  Linnaeus,  that  "  natural  orders  must 
be  formed  by  attention  not  to  one  or 
two,  but  to  0//the  parts  of  plants," 
bases  its  divisions  on  like  peculiarities 
which  are  found  to  be  constantly 
related  to  the  greatest  number  of  other 
like  peculiarities.  And  similarly  in 
zoology,  the  successive  classifications, 
from  having  been  originally  deter- 
mined by  external  and  often  subordi- 
nate characters  not  indicative  of  the 
essential  nature,  have  been  gradually 
more  and  more  determined  by  those 
internal  and  fundamental  differences 
which  have  uniform  relations  to  the 
greatest  number  of  other  differences. 
Nor  shall  we  be  surprised  at  this 
analogy  between  the  modes  of  prog- 
ress of  positive  science  and  classi- 
fication, when  we  bear  in  mind  that 
both  proceed  by  making  generaliza- 
tions ;  that  both  enable  us  to  make 
previsions  differing  only  in  their  pre- 
cision ;  and  that  while  the  one  deals 
with  equal  properties  and  relations, 
the  other  deals  with  properties  and 
relations  that  approximate  toward 
equality  in  variable  degrees. 

Without  further  argument,  it  will, 
we  think,  be  sufficiently  clear  that 
the  sciences  are  none  of  them  sepa- 
rately evolved — are  none  of  them  in- 
dependent either  logically  or  histor- 
ically ;  but  that  all  of  them  have,  in 
a  greater  or  less  degree,  required  aid 
and  reciprocated  it.  Indeed,  it  needs 
but  to  throw  aside  these,  and  con- 
template the  mixed  character  of  sur- 
rounding phenomena,  to  at  once  see 
that  these  notions  of  division  and 
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succession  in  the  kinds  of  knowledge 
are  none  of  them  actually  true,  but 
are  simple  scientific  fictions,  good,  if 
regarded  merely  as  aids  to  study; 
bad,  if  regarded  as  representing  real- 
ities in  Nature.  Consider  them  criti- 
cally, and  no  facts  whatever  are  pre- 
sented to  our  senses  uncombined 
with  other  facts — no  facts  whatever 
but  are  in  some  degree  disguised  by 
accompanying  facts:  disguised  in 
such  a  manner  that  all  must  be  par- 
tially understood  before  any  one  can 
be  understood.  If  it  be  said,  as  by 
M.  Comte,  that  gravitating  force 
should  be  treated  of  before  other 
forces,  seeing  that  all  things  are  sub- 
ject to  it,  it  may  on  like  grounds  be 
said  that  heat  should  be  first  dealt 
with,  seeing  that  thermal  forces  are 
everywhere  in  action  ;  that  the  ability 
of  any  portion  of  matter  to  manifest 
visible  gravitative  phenomena  de- 
pends on  its  state  of  aggregation, 
which  is  determined  by  heat ;  that 
only  by  the  aid  of  thermology  can  we 
explain  those  apparent  exceptions  to 
the  gravitating  tendency  which  are 
presented  by  steam  and  smoke,  and 
so  establish  its  universality,  and  that, 
indeed,  the  very  existence  of  the 
solar  system  in  a  solid  form  is  just 
as  much  a  question  of  heat  as  it  is 
one  of  gravitation. 

Take  other  cases  : — All  phenomena 
recognized  by  the  eyes,  through  which 
only  are  the  data  of  exact  science 
ascertainable,  are  complicated  with 
optical  phenomena,  and  cannot  be 
exhaustively  known  until  optical  prin- 
ciples are  known.  The  burning  of  a 
candle  cannot  be  explained  without 
involving  chemistry,  mechanics,  ther- 
mology. Every  wind  that  blows  is 
determined  by  influences  partly  solar, 
partly  lunar,  partly  hygrometric,  and 
implies  considerations  of  fluid  equi- 
librium and  physical  geography. 
The  direction,  dip,  and  variations  of 
the  magnetic  needle  are  facts  half  ter- 
restrial, half  celestial — are  caused  by 
earthly  forces  which  have  cycles  of 
change  corresponding  with  astronomi- 
cal periods.  The  flowing  of  the  gulf- 
stream  and  the  annual  migration  of 
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icebergs  toward  the  equator,  depend- 
ing *s  they  do  on  the  balancing  of 
the  centripetal  and  centrifugal  forces 
acting  on  the  ocean,  involve  in  their 
explanation  the  earth's  rotation  and 
spheroidal  form,  the  laws  of  hydro- 
statics, the  relative  densities  of  cold 
and  warm  water,  and  the  doctrines  of 
evaporation.  It  is  no  doubt  true,  as 
M.  Comte  says,  that  "  our  position  in 
the  solar  system,  and  the  motions, 
form,  size,  equilibrium  of  the  mass  of 
our  world  among  the  planets,  must 
be  known  before  we  can  understand 
the  phenomena  going  on  at  its  sur- 
face." But,  fatally  for  his  hypothesis, 
it  is  also  true  that  we  must  under- 
stand a  great  part  of  the  phenomena 
going  on  at  its  surface  before  we  can 
know  its  position,  etc.,  in  the  solar 
system.  It  is  not  simply  that,  as  we 
have  already  shown,  those  geometrical 
and  mechanical  principles  by  which 
celestial  appearances  are  explained, 
were  first  generalized  from  terres- 
trial experiences ;  but  it  is  that  the 
very  obtainment  of  correct  data,  on 
which  to  base  astronomical  general- 
izations, implies  advanced  terrestrial 
physics. 

Until  after  optics  had  made  con- 
siderable advance,  the  Copernican 
system  remained  but  a  speculation. 
A  single  modern  observation  on 
a  star  has  to  undergo  a  careful 
analysis  by  the  combined  aid  of 
various  sciences — has  to  be  digested 
by  the  organism  of  the  sciences,  which 
have  severally  to  assimilate  their  re- 
spective parts  of  the  observation,  be- 
fore the  essential  fact  it  contains  is 
available  for  the  further  development 
of  astronomy.  It  has  to  be  corrected 
not  only  for  nutation  of  the  earth's 
axis  and  for  precession  of  the  equi- 
noxes, but  for  aberration  and  for  re- 
fraction ;  and  the  formation  of  the 
tables  by  which  refraction  is  calculat- 
ed presupposes  knowledge  of  the 
law  of  decreasing  density  in  the 
upper  atmospheric  strata  ;  of  the  law 
of  decreasing  temperature,  and  the 
influence  of  this  on  the  density ;  and 
of  hygrometric  laws  as  also  affecting 
density.  So  that,  to  get  materials 


for  further  advance,  astronomy  re- 
quires not  only  the  indirect  aid  of  the 
sciences  which  have  presided  over  the 
making  of  its  improved  instruments, 
but  the  direct  aid  of  an  advanced  op- 
tics, of  barology,  of  thermology,  of  hy- 
grometry ;  and  if  we  remember  that 
these  delicate  observations  are  in 
some  cases  registered  electrically, 
and  that  they  are  further  corrected 
for  the  "  personal  equation  " — the 
time  elapsing  between  seeing  and 
registering,  which  varies  with  differ- 
ent observers — we  may  even  add 
electricity  and  psychology.  If,  then, 
so  apparently  simple  a  thing  as  as- 
certaining the  position  of  a  star  is 
complicated  with  so  many  phenom- 
ena, it  is  clear  that  this  notion  of 
the  independence  of  the  sciences,  or 
certain  of  them,  will  not  hold. 

Whether  objectively  independent 
or  not,  they  cannot  be  subjectively  so 
— they  cannot  have  independence  as 
presented  to  our  consciousness ;  and 
this  is  the  only  kind  of  independence 
with  which  we  are. concerned.  And 
here,  before  leaving  these  illustra- 
tions, and  especially  this  last  one, 
let  us  not  omit  to  notice  how  clearly 
they  exhibit  that  increasingly  active 
consensus  of  the  sciences  which  char- 
acterizes their  advancing  develop- 
ment. Besides  finding  that  in  these 
later  times  a  discovery  in  one  science 
commonly  causes  progress  in  others ; 
besides  finding  that  a  great  part  of 
the  questions  with  which  modern 
science  deals  are  so  mixed  as  to 
require  the  co-operation  of  many 
sciences  for  their  solution ;  we  find 
in  this  last  case  that,  to  make  a  single 
good  observation  in  the  purest  of  the 
natural  sciences  requires  the  com- 
bined assistance  of  halt  a  dozen  other 
sciences. 

Perhaps  the  clearest  comprehension 
of  the  interconnected  growth  of  the 
sciences  may  be  obtained  by  contem- 
plating that  of  the  arts,  to  which  it 
is  strictly  analogous,  and  with  which 
it  is  inseparably  bound  up.  Most 
intelligent  persons  must  have  been, 
at  one  time  or  other,  struck  with  the 
vast  array  of  antecedents  presup- 
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posed  by  one  of  our  processes  of 
manufacture.  Let  him  trace  the  pro- 
duction of  a  printed  cotton,  and  con- 
sider all  that  is  implied  by  it.  There 
are  the  many  successive  improve- 
ments through  which  the  power-looms 
reached  their  present  perfection ; 
there  is  the  steam-engine  that  drives 
them,  having  its  long  history  from 
Papin  downward  ;  then  there  are  the 
lathes  in  which  its  cylinder  was 
bored,  and  the  string  of  ancestral 
lathes  from  which  those  lathes  pro- 
ceeded ;  there  is  the  steam-hammer 
under  which  its  crank-shaft  was 
welded;  there  are  the  puddling-fur- 
naces,  the  blast-furnaces,  the  coal 
mines  and  the  iron  mines  needful 
for  producing  the  raw  material ; 
there  are  the  slowly  improved  ap- 
pliances by  which  the  factory  was 
built  and  lighted  and  ventilated  ;  there 
are  the  printing-engine,  and  the  die- 
house,  and  the  color  laboratory  with 
its  stock  of  materials  from  all  parts  of 
the  world,  implying  cochineal-culture, 
logwood-cutting,  indigo-growing ;  there 
are  the  implements  used  by  the  pro- 
ducers of  cotton,  the  gins  by  which 
it  is  cleaned,  the  elaborate  machines 
by  which  it  is  spun ;  there  are  the 
vessels  in  which  cotton  is  imported, 
with  the  building-slips,  the  rope-yards 
the  sail-cloth  factories,  the  anchor- 
forges,  needful  for  making  them; 
and  besides  all  these  directly  neces- 
sary antecedents,  each  of  them  in- 
volving many  others,  there  are  the 
institutions  which  have  developed 
the  requisite  intelligence,  the  print- 
ing and  publishing  arrangements 
which  have  spread  the  necessary 
information,  the  social  organization 
which  has  rendered  possible  such  a 
complex  co-operation  of  agencies. 

Further  analysis  would  show  that 
the  many  arts  thus  concerned  in  the 
economical  production  of  a  child's 
frock,  have  each  of  them  been  brought 
to  its  present  efficiency  by  slow  steps 
which  the  other  arts  have  aided  ;  and 
that  from  the  beginning  this  reciproc- 
ity has  been  ever  on  the  increase. 
It  needs  but  on  the  one  hand  to  con- 
sider how  utterly  impossible  it  is  for 
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the  savage,  even  with  ore  and  coal 
ready,  to  produce  so  simple  a  thing 
as  an  iron  hachet :  and  then  to  con- 
sider, on  the  other  hand,  that  it 
would  have  been  impracticable 
among  ourselves,  even  a  century  ago, 
to  raise  the  tubes  of  the  Britannia 
bridge  from  lack  of  the  hydraulic 
press,  to  at  once  see  how  mutually 
dependent  are  the  arts,  and  how  all 
must  advance  that  each  may  advance. 
Well,  the  sciences  are  involved  with 
each  other  in  just  the  same  manner. 
They  are,  in  fact,  inextricably  woven 
into  this  same  complex  web  of  the 
arts ;  and  are  only  conventionally 
independent  of  it.  Originally  the  two 
were  one.  Mow  to  fix  the  religious 
festivals ;  when  to  sow ;  how  to 
weigh  commodities ;  and  in  what 
manner  to  measure  ground — were  the 
purely  practical  questions  out  of 
which  arose  astronomy,  mechanics, 
geometry.  Since  then  there  has 
been  a  perpetual  inosculation  of  the 
sciences  and  the  arts.  Science  has 
been  supplying  art  with  truer  general- 
izations and  more  complete  quantita- 
tive previsions.  Art  has  been  supply- 
ing science  with  better  materials  and 
more  perfect  instruments.  And  all 
along  the  interdependence  has  been 
growing  closer,  not  only  between  art 
and  science,  but  among  the  arts  them- 
selves, and  among  the  sciences  them- 
selves. 

How  completely  the  analogy  holds 
throughout,  becomes  yet  clearer  when 
we  recognize  the  fact  that  the  sciences 
are  arts  to  each  other.  If,  as  occurs  in 
almost  every  case,  the  fact  to  be  an- 
alyzed by  any  science  has  first  to  be 
prepared — to  be  disentangled  from 
disturbing  facts  by  the  afore  discov- 
ered methods  of  other  sciences,  the 
other  sciences  so  used,  stand  in  the 
position  of  arts.  If,  in  solving  a  dy- 
namical problem,  a  parallelogram  is 
drawn,  of  which  the  sides  and  diago- 
nal represent  forces,  and  by  putting 
magnitudes  of  extension  for  magni- 
tudes of  force  a  measurable  relation 
is  established  between  quantities  not 
else  to  be  dealt  with,  it  may  be  fairly 
said  that  geometry  plays  toward  me- 
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chanics  much  the  same  part  that 
the  fire  of  the  founder  plays  to- 
ward the  metal  he  is  going  to  cast. 
If,  in  analyzing  the  phenomena  of 
the  colored  rings  surrounding  the 
point  of  contact  between  two  lenses, 
a  Newton  ascertains  by  calculation 
the  amount  of  certain  interposed 
spaces  far  too  minute  for  actual 
measurement;  he  employs  the  sci- 
ence of  number  for  essentially  the 
same  purpose  as  that  for  which  the 
watchmaker  employs  tools.  If,  be- 
fore writing  down  his  observation 
on  a  star,  the  astronomer  has  to 
separate  from  it  all  the  errors  result- 
ing from  atmospheric  and  optical 
laws,  it  is  manifest  that  the  refrac- 
tion tables,  and  logarithm  books,  and 
formulae,  which  he  successively  uses, 
serve  him  much  as  retorts,  and  fil- 
ters, and  cupels  serve  the  assayer 
who  wishes  to  separate  the  pure  gold 
from  all  accompanying  ingredients. 

So  close,  indeed,  is  the  relation- 
ship, that  it  is  impossible  to  say  where 
science  begins  and  art  ends.  All  the 
instruments  of  the  natural  philoso- 
pher are  the  products  of  art ;  the 
adjusting  one  of  them  for  use  is  an 
art ;  there  is  art  in  making  an  obser- 
vation with  one  of  them  ;  it  requires 
art  properly  to  treat  the  facts  ascer- 
tained ;  nay,  even  the  employing  es- 
tablished generalizations  to  open  the 
way  to  new  generalizations  may  be 
considered  as  art.  In  each  of  these 
cases  previously  organized  knowledge 
becomes  the  implement  by  which  new 
knowledge  is  got  at :  and  whether 
that  previously  organized  knowledge 
is  embodied  in  a  tangible  apparatus 
or  in  a  formula,  matters  not,  in  so  far 
as  its  essential  relation  to  the  new 
knowledge  is  concerned.  If,  as  no 
one  will  deny,  art  is  applied  knowl- 
enge,  then  such  portion  of  a  scientific 
investigation  as  consists  of  applied 
knowledge  is  art.  So  that  we  may 
even  say  that  as  soon  as  any  previs- 
ion in  science  passes  out  of  its  origi- 
nally passive  state,  and  is  employed 
for  reaching  other  previsions,  it 
passes  from  theory  into  practice — 
becomes  science  in  action — becomes 


art.  And  when  we  thus  see  how 
purely  conventional  is  the  ordinary 
distinction,  how  impossible  it  is  to 
make  any  real  separation — when  we 
see  not  only  that  science  and  art 
were  originally  one ;  that  the  arts 
have  perpetually  assisted  each  other  ; 
that  there  has  been  a  constant  recip- 
rocation of  aid  between  the  sciences 
and  arts  ;  but  that  the  sciences  act  as 
arts  to  each  other,  and  that  the  estab- 
lished part  of  each  science  becomes 
an  art  to  the  growing  part — when  we 
recognize  the  closeness  of  these  asso- 
ciations, we  shall  the  more  clearly  per- 
ceive that  as  the  connection  of  the 
arts  with  each  other  has  been  ever 
becoming  more  intimate  ;  as  the  help 
given  by  sciences  to  arts  and  by  arts 
to  sciences,  has  been  age  by  age  in- 
creasing; so  the  interdependence  of 
the  sciences  themselves  has  been 
ever  growing  greater,  their  mutual  re- 
lations more  involved,  their  consensus 
more  active. 

In  here  ending  .our  sketch  of  the 
Genesis  of  Science,  we  are  conscious 
of  having  done  the  subject  but  scant 
justice.  Two  difficulties  have  stood 
in  our  way  :  one,  the  having  to  touch 
on  so  many  points  in  such  small 
space ;  the  other,  the  necessity  of 
treating  in  serial  arrangement  a  proc- 
ess which  is  not  serial — a  difficulty 
which  must  ever  attend  all  attempts 
to  delineate  processes  of  development 
whatever  their  special  nature.  Add 
to  which,  that  to  present  in  any- 
thing like  completeness  and  propor- 
tion, even  the  outlines  of  so  vast  and 
complex  a  history,  demands  years 
of  study.  Nevertheless,  we  believe 
that  the  evidence  which  has  been 
assigned  suffices  to  substantiate  the 
leading  propositions  with  which  we  set 
out.  Inquiry  into  the  first  stages  of 
science  confirms  the  conclusion  which 
we  drew  from  the  analysis  of  science 
as  now  existing,  that  it  is  not  distinct 
from  common  knowledge,  but  an  out- 
growth from  it — an  extension  of  the 
perception  by  means  of  the  reason. 

That  which  we  further  found  by 
analysis  to  form  the  more  specific 
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characteristic  of  scientific  previsions, ! 
as  contrasted  with  the  previsions  of 
uncultured  intelligence — their  quanti- 
tativeness — we  also  see  to  have  been 
the  characteristic  alike  in  the  initial 
steps  in  science  and  of  all  the  steps 
succeeding  them.  The  facts  and  ad- 
missions cited  in  disproof  of  the  as- 
sertion that  the  sciences  follow  one 
another,  both  logically  and  histori- 
cally, in  the  order  of  their  decreasing 
generality,  have  been  enforced  by  the 
sundry  instances  we  have  met  with, 
in  which  the  more  general  or  abstract 
sciences  have  been  advanced  only  a. 
the  instigation  of  the  more  special  or 
concrete — instances  serving  to  show 
that  a  more  general  science  as  much 
owes  its  progress  to  the  presentation 
of  new  problems  by  a  more  special 
science,  as  the  more  special  science 
owes  its  progress  to  the  solutions 
which  the  more  general  science  is 
thus  led  to  attempt — instances  there- 
fore illustrating  the  position  that  sci- 
entific advance  is  as  much  from  the 
special  to  the  general  as  from  the 
general  to  the  special. 

Quite  in  harmony  with  this  position 
we  find  to  be  the  admissions  that  the 
sciences  are  as  branches  of  one 
trunk,  and  that  they  were  at  first 
cultivated  simultaneously ;  and  this 
harmony  becomes  the  more  marked 
on  finding,  as  we  have  done,  not  only 
that  the  sciences  have  a  common 
root,  but  that  science  in  general  has 
a  common  root  with  language,  classi- 
fication, reasoning,  art ;  that  through- 
out civilization  these  have  advanced 
together,  acting  and  reacting  upon 
each  other  just  as  the  separate 
sciences  have  done  ;  and  that  thus 
the  development  of  intelligence  in  all 
its  divisions  and  sub-divisions  has 
conformed  to  this  same  law  which  we 
have  shown  that  the  sciences  con- 
form to.  From  all  which  we  may 
perceive  that  the  sciences  can  with 
no  greater  propriety  be  arranged  in 
a  succession  than  language,  classi- 
fication, reasoning,  art,  and  science, 
can  be  arranged  in  a  succession ; 
that,  however  needful  a  succession 
may  be  for  the  convenience  of  books 


and  catalogues,  it  must  be  recognized 
merely  as  a  convention  ;  and  that  so 
far  from  its  being  the  function  of  a 
philosophy  of  the  sciences  to  estab- 
lish a  hierarchy,  it  is  its  function  to 
show  that  the  linear  arrangements 
required  for  literary  purposes  have 
none  of  them  any  basis  either  in  Na- 
ture or  History. 

There  is  one  further  remark  we 
must  not  omit — a  remark  touching 
the  importance  of  the  question  that 
has  been  discussed.  Unfortunately 
it  commonly  happens  that  topics  of 
this  abstract  nature  are  slighted  as  of 
no  practical  moment ;  and,  we  doubt 
not,  that  many  will  think  it  of  very 
little  consequence  what  theory  re- 
specting the  genesis  of  science  may 
be  entertained.  But  the  value  of 
truths  is  often  great,  in  proportion  as 
their  generality  is  wide.  Remote  as 
they  seem  from  practical  application, 
the  highest  generalizations  are  not 
unfrequently  the  most  potent  in  their 
effects,  in  virtue  of  their  influence  on 
all  those  subordinate  generalizations 
which  regulate  practice.  And  it  must 
be  so  here.  Whenever  established,  a 
correct  theory  of  the  historical  devel 
opment  of  the  sciences  must  have  an 
immense  effect  upon  education  ;  and, 
through  education,  upon  civilization. 
Greatly  as  we  differ  from  him  in  other 
respects,  we  agree  with  M.  Comte  in 
the  belief  that,  rightly  conducted, 
the  education  of  the  individual  must 
have  a  certain  correspondence  with 
the  evolution  of  the  race. 

No  one  can  comtemplate  the  facts 
we  have  cited  in  illustration  of  the 
early  stages  of  science  without  recog- 
nizing the  necessity  of  the  processes 
through  which  those  stages  were 
reached — a  necessity  which,  in  re- 
spect to  the  leading  truths,  may  like- 
wise be  traced  in  all  after  stages. 
This  necessity,  originating  in  the  very 
nature  of  the  phenomena  to  be  ana- 
lyzed and  the  faculties  to  be  em- 
ployed, more  or  less  fully  applies  to 
the  mind  of  the  child  as  to  that  of 
the  savage.  We  say  more  or  less 
fully,  because  the  correspondence  is 
not  special  but  general  only.  Were 
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the  environment  the  same  in  both  cases 
the  correspondence  would  be  com- 
plete. But  though  the  surrounding 
material  out  of  which  science  is  to  be 
organized,  is,  in  many  cases,  the 
same  to  the  juvenile  mind  and  the 
aboriginal  mind,  it  is  not  so  through- 
out; as,  for  instance,  in  the  case  of 
chemistry,  the  phenomena  of  which 
are  accessible  to  the  one,  but  were 
inaccessible  to  the  other.  Hence,  in 
proportion  as  the  environment  differs, 
the  course  of  evolution  must  differ. 
After  admitting  sundry  exceptions, 
however,  there  remains  a  substantial 
parallelism  ;  and,  if  so,  it  becomes  of 
great  moment  to  ascertain  what  really 
has  been  the  process  of  scientific 
evolution.  The  establishment  of  an 
erroneous  theory  must  be  disastrous 
in  its  educational  results;  while  the 
establishment  of  a  true  one  must 
eventually  be  fertile  in  school-reforms 
and  consequent  social  benefits. 


THE     COMING     OF     AGE     OF 
"THE  ORIGIN  OF  SPECIES." 

BY  PROF.  T.  H.  HUXLEY. 

MANY  of  you  will  be  familiar  with 
the  aspect  of  this  small  green-covered 
book.  It  is  a  copy  of  the  first  edi- 
tion of  the  "  Origin  of  Species,"  and 
bears  the  date  of  its  production — the 
ist  of  October,  1859.  Only  a  few 
months,  therefore,  are  needed  to  com- 
plete the  full  tale  of  twenty-one  years 
since  its  birthday. 

Those  whose  memories  carry  them 
back  to  this  time  will  remember  that 
the  infant  was  remarkably  lively,  and 
that  a  great  number  of  excellent  per- 
sons mistook  its  manifestations  of 
a  vigorous  individuality  for  mere 
naughtiness  ;  in  fact  there  was  a  very 
pretty  turmoil  about  its  cradle.  My 
recollections  of  the  period  are  partic- 
ularly vivid  ;  for,  having  conceived  a 
tender  affection  for  a  child  of  what 
appeared  to  me  to  be  such  remark- 
able promise,  I  acted  for  some  time 


in  the  capacity  of  a  sort  of  undei 
nurse,  and  thus  came  in  for  my  share 
of  the  storms  which  threatened  the 
very  life  of  the  young  creature.  For 
some  years  it  was  undoubtedly  warm 
work ;  but  considering  how  exceed 
ingly  unpleasant  the  apparition  of  the 
new-comer  must  have  been  to  those 
who  did  not  fall  in  love  with  him  at 
first  sight,  I  think  it  is  to  the  credit 
of  our  age  that  the  war  was  not  fiercer, 
and  that  the  more  bitter  and  unscru 
pulous  forms  of  opposition  died  away 
as  soon  as  they  did. 

I  speak  of  this  period  as  of  some 
thing  past  and  gone,  possessing  merely 
an  historical,  I  had  almost  said  an 
antiquarian  interest.  For,  during  the 
second  decade  of  the  existence  of 
the  "  Origin  of  Species,"  opposition, 
though  by  no  means  dead,  assumed  a 
different  aspect.  On  the  part  of  all 
those  who  had  any  reason  to  respect 
themselves,  it  assumed  a  thoroughly 
respectful  character.  By  this  time 
the  dullest  began  to  perceive  that  the 
child  was  not  likely- to  perish  of  any 
congenital  weakness  or  infantile  dis- 
order, but  was  growing  into  a  stalwart 
personage,  upon  whom  mere  goody 
scoldings  and  threatenings  with  the 
birch-rod  were  quite  thrown  away. 

In  fact,  those  who  have  watched 
the  progress  of  science  within  the 
last  ten  years  will  bear  me  out  to  the 
full,  when  I  assert  that  there  is  no 
field  of  biological  inquiry  in  which 
the  influence  of  the  "  Origin  of  Spe- 
cies "  is  not  traceable  ;  the  foremost 
men  of  science  in  every  country  are 
either  avowed  champions  of  its  lead- 
ing doctrines,  or  at  any  rate  abstain 
from  opposing  them  ;  a  host  of  young 
and  ardent  investigators  seek  for 
and  find  inspiration  and  guidance  in 
Mr.  Darwin's  great  work ;  and  the 
general  doctrine  of  evolution,  to  one 
side  of  which  it  gives  expression,  ob- 
tains, in  the  phenomena  of  biology,  a 
firm  base  of  operations  whence  it 
may  conduct  its  conquest  of  the 
whole  realm  of  nature. 

History  warns  us,  however,  that  it 
is  the  customary  fate  of  new  truths  to 
begin  as  heresies  and  to  end  as  su- 
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perstitions ;  and,  as  matters  now  stand, 
it  is  hardly  rash  to  anticipate  that, 
in  another  twenty  years,  the  new  gen- 
eration, educated  under  the  influences 
of  the  present  day,  will  be  in  danger 
of  accepting  the  main  doctrines  of  the 
"  Origin  of  Species,"  with  as  little  re- 
flection, and  it  may  be  with  as  little 
justification,  as  so  many  of  our  con- 
temporaries, twenty  years  ago,  re- 
jected them. 

Against  any  such  a  consummation 
let  us  all  devoutly  pray ;  for  the  sci- 
entific spirit  is  of  more  value  than  its 
products,  and  irrationally  held  truths 
may  be  more  harmful  than  reasoned 
errors.  Now,  the  essence  of  the  sci- 
entific spirit  is  criticism.  It  tells  us 
that  whenever  a  doctrine  claims  our 
assent  we  should  reply :  Take  it  if 
you  can  compel  it.  The  struggle  for 
existence  holds  as  much  in  the  intel- 
lectual as  in  the  physical  world.  A 
theory  is  a  species  of  thinking,  and  its 
right  to  exist  is  co-extensive  with  its 
power  of  resisting  extinction  by  its 
rivals. 

From  this  point  of  view,  it  appears 
to  me  that  it  would  be  but  a  poor 
way  of  celebrating  the  Coming  of 
Age  of  the  "Origin  of  Species," 
were  I  merely  to  dwell  upon  the  facts, 
undoubted  and  remarkable  as  they 
are,  of  its  far-reaching  influence  and 
of  the  great  following  of  ardent  disci- 
ples who  are  occupied  in  spreading  and 
developing  its  doctrines.  Mere  in- 
sanities and  inanities  have  before  now 
swollen  to  portentous  size  in  the 
course  of  twenty  years.  Let  us  rath- 
er ask  this  prodigious  change  in  opin- 
ion to  justify  itself ;  let  us  inquire 
whether  anything  has  happened  since 
1859,,  which  will  explain,  on  rationa" 
grounds,  why  so  many  are  worship 
ing  that  which  they  burned,  anc 
burning  that  which  they  worshiped 
It  is  only  in  this  way  that  we  shal 
acquire  the  means  of  judging  whethe: 
the  movement  we  have  witnessed  is 
a  mere  eddy  of  fashion,  or  truly  one 
with  the  irreversible  current  of  intel 
lectual  progress,  and,  like  it,  safe 
from  retrogressive  reaction. 

Every  belief  is  the  product  of  two 


actors:   the  first  is  the  state  of  the 
mind  to  which  the  evidence  in  favor 
>f  that  belief  is  presented  ;  and  the 
econd  is  the  logical  cogency  of  the 
evidence    itself.      In   both    these  re- 
pects,  the  history  of  biological  science 
during  the  last  twenty  years  appears 
o  me  to  afford  an  ample  explanation 
of  the  change  which  has  taken  place  ; 
and  a  brief  consideration  of  the  salient 
events  of  that  history  will  enable  us  to 
understand    why,   if  the   "  Origin   of 
Species "  appeared     now,   it     would 
meet  with  a  very  different  reception 
rrom  that  which  greeted  it  in    1859. 
One-and-twenty  years  ago,  in  spite 
of  the   work   commenced  by  Hutton 
and  continued  with  rare  skill  and  pa- 
tience by  Lyell,  the  dominant  view  of 
the  past  history  of  the  earth   was  ca- 
tastrophic. Great  and  sudden  physical 
revolutions,  wholesale  creations   and 
extinctions  of  living  beings,  were  the 
ordinary  machinery  of  the  geological 
epic  brought  into  fashion  by  the  mis- 
applied  genius   of     Cuvier.     It   was 
gravely   maintained   and  taught  that 
the   end  of  every   geological   epoch 
was  signalized   by   a   cataclysm,    by 
which  every  living  being  on  the  globe 
was   swept  away,  to  be  replaced   by 
a  brand-new  creation  when  the  world 
returned  to  quiescence.     A  scheme  of 
nature  which  appeared  to  be  modeled 
on  the  likeness  of  a  succession  of  rub- 
bers of  whist  at  the  end  of  each  of 
which  the  players  upset  the  table  and 
called  for  a  new  pack,  did  not  seem 
to  shock  anybody. 

I  may  be  wrong,  but  I  doubt  if,  at 
the  present  time,  there  is  a  single 
responsible  representative  of  these 
opinions  left.  The  progress  of  scien- 
tific geology  has  elevated  the  funda- 
mental principle  of  uniformitarianism. 
that  the  explanation  of  the  past  is  to 
be  sought  in  the  study  of  the  present, 
into  the  position  of  an  axiom  ;  and 
the  wild  speculations  of  the  catastro 
phists,  to  which  we  all  listened  with 
respect  a  quarter  of  a  century  ago. 
would  hardly  find  a  single  patient 
hearer  at  the  present  day.  No 
physical  geologist  now  dreams  of  seek- 
ing, outside  the  range  of  known 
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natural  causes,  for  the  explanation  of 
anything  that  happened  millions  of 
years  ago,  any  more  than  he  would 
be  guilty  of  the  like  absurdity  in  re- 
gard to  current  events. 

The  effect  of  this  change  of  opinion 
upon  biological  speculation  is  obvious. 
For,  if  there  have  been  no  periodical 
general  physical  catastrophes,  what 
brought  about  the  assumed  general 
extinctions  and  recreations  of  life 
which  are  the  corresponding  biolog- 
ical catastrophes  ?  And,  if  no  such 
interruptions  of  the  ordinary  course  of 
nature  have  taken  place  in  the  organic, 
any  more  than  in  the  inorganic,  world, 
what  alternative  is  there  to  the  admis- 
sion of  evolution  ? 

The  doctrine  of  evolution  in  biology 
is  the  necessary  result  of  the  logical 
application  of  the  principles  of  uni- 
formitarianism  to  the  phenomena  of 
life.  Darwin  is  the  natural  successor 
of  Hutton  and  Lyell,  and  the  "  Origin 
of  Species"  the  logical  sequence  of 
the  "  Principles  of  Geology." 

The  fundamental  doctrine  of  the 
"  Origin  of  Species,"  as  of  all  forms 
of  the  theory  of  evolution  applied  to 
biology,  is  "that  the  innumerable 
species,  genera,  and  families  of  or- 
ganic beings  with  which  the  world 
is  peopled  have  all  descended,  each 
within  its  own  class  or  group,  from 
common  parents,  and  have  all  been 
modified  in  the  course  of  descent."  * 

And,  in  view  of  facts  of  geology,  it 
follows  that  all  living  animals  and 
plants  "  are  the  lineal  descendants  of 
those  which  lived  long  before  the 
Silurian  epoch."t 

It  is  an  obvious  consequence  of  this 
theory  of  descent  with  modification,  as 
it  is  sometimes  called,  that  all  plants 
and  animals,  however  different  they 
may  now  be,  must,  at  one  time  or 
other,  have  been  connected  by  direct 
or  indirect  intermediate  gradations, 
and  that  the  appearance  of  isolation 
presented  by  various  groups  of  organic 
beings  must  be  unreal. 


*  ''Origin  of  Species,"  ed.  i,  p.  457. 
t  Ibid.  p.  458. 


No  part  of  Mr.  Darwin's  work  ran 
more  directly  counter  to  the  prepos- 
sessions of  naturalists  twenty  years 
ago  than  this.  And  such  preposses- 
sions were  very  excusable,  for  there 
was  undoubtedly  a  great  deal  to  be 
said,  at  that  time,  in  favor  of  the  fixity 
of  species  and  of  the  existence  of 
great  breaks,  which  there  was  no 
obvious  or  probable  means  of  filling 
up,  between  various  groups  of  organic 
jeings. 

For  various   reasons,  scientific  and 
unscientific,  much  had  been  made  of 
he  hiatus    between  man  and  the  rest 
of  the  higher  mammalia,  and   it  is  no 
wonder  that  issue  was  first  joined  on 
his  part  of  the  controversy.      I  have 
no  wish    to  revive  past  and  happily 
rorgotten    controversies ;  but  I   must 
tate  the  simple  fact  that  the  distinc- 
tions in  the  cerebral  and  other  charac- 
ers,  which  were  so  hotly  affirmed  to 
separate  man   from  all  other  animals 
n    1860,  have  all  been  demonstrated 
;o  be    non-existent,  and  that  the  con- 
:rary   doctrine  is  now  universally  ac- 
cepted and  taught. 

But  there  were  other  cases  in  which 
the  wide  structural  gaps  asserted  to 
exist  between  one  group  of  animals 
and  another  were  by  no  means  ficti 
;ious ;  and,  when  such  structural 
areaks  were  real,  Mr.  Darwin  could 
account  for  them  only  by  supposing 
that  the  intermediate  forms  which  once 
existed  had  become  extinct.  In  a  re- 
markable passage  he  says — 

"  We  may  thus  account  even  for  the 
distinctness  of  whole  classes  from 
each  other  —  for  instance,  of  birds 
from  all  other  vertebrate  animals — 
by  the  belief  that  many  animal  forms 
of  life  have  been  utterly  lost,  through 
which  the  early  progenitors  of  birds 
were  formerly  connected  with  the 
early  progenitors  of  the  other  verte- 
brate classes."  * 

Adverse  criticism  made  merry  over 
such  suggestions  as  these.  Of  course 
it  was  easy  to  get  out  of  the  difficulty 
by  supposing  extinction  ;  but  where 
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was  the  slightest  evidence   that  such .  beyond  a  doubt,  that  the   differences 
intermediate  forms  between  birds  and  '  which  were  supposed  to   constitute  a 

barrier    between     the    two    are   non- 
existent.    There    is    no    longer 
difficulty  in   understanding 


reptiles  as  the  hypothesis  required 
ever  existed  ?  And  then  probably 
followed  a  tirade  upon  this  terrible 
forsaking  of  the  paths  of  "  Baconian 
induction." 

But  the  progress  of  knowledge  has 
justified  Mr.  Darwin  to  an  extent 
which  could  hardly  have  been  antici- 
pated. In  1862,  the  specimen  of 
Archceopteryx,  which,  until  the  last 
two  or  three  years,  has  remained 
unique,  was  discovered  ;  and  it  is  an 
animal  which,  in  its  feathers  and  the 
greater  part  of  its  organization,  is  a 
veritable  bird,  while,  in  other  parts,  it 
is  as  distinctly  reptilian. 

In  1868  I  had  the  honor  of  bring- 
ing under  your  notice,  in  this  theatre, 
the  results  of  investigations  made,  up 
to  that  time,  into  the  anatomical 
characters  of  certain  ancient  reptiles, 
which  showed  the  nature  of  the 
modifications  in  virtue  of  which  the 
type  of  the  quadrupedal  reptile  passed 
into  that  of  a  bipedal  bird ;  and 
abundant  confirmatory  evidence  of 
the  justice  of  the  conclusions  which  I 
then  laid  before  you  has  since  come 
to  light. 

In  1875  the  discovery  of  the  tooth- 
ed birds  of  the  cretaceous  formation 
in  North  America  by  Professor  Marsh 
completed  the  series  of  transitional 
forms  between  birds  and  reptiles,  and 
removed  Mr.  Darwin's  proposition 
that  "  many  animal  forms  of  life  have 
been  utterly  lost,  through  which  the 
early  progenitors  of  birds  were  for 
merly  connected  with  the  early  pro- 
genitors of  the  other  vertebrate 
classes/'  from  the  region  of  hypothe- 
sis to  that  of  demonstrable  fact. 

In  1859  there  appeared  to  be  a 
very  sharp  and  clear  hiatus  between 
vertebrated  and  invertebrated  ani- 
mals, not  only  in  their  structure,  but, 
what  was  more  important,  in  their 
development.  I  do  not  think  that  we 
even  yet  know  the  precise  links  of 
connection  between  the  two  ;  but  the 
investigations  of  Kowalewsky  and 
others  upon  the  development  of  Am- 
jbhioxus  and  of  the  Tunicata  prove 


any 

how   the 

vertebrate  type  may  have  arisen  from 
the  invertebrate,  though  the  full  proof 
of  the  manner  in  which  the  transition 
was  actually  effected  may  still  be 
lacking. 

Again,  in  1859  there  appeared  to 
be  a  no  less  sharp  separation  between 
the  two  great  groups  of  flowering  and 
flowerless  plants.  It  is  only  subse- 
quently that  the  series  of  remarkable 
investigations  inaugurated  by  Hof- 
meister  has  brought  to  light  the 
extraordinary  and  altogether  unex- 
pected modifications  of  the  reproduc- 
tive apparatus  in  the  Lycopodiacecz, 
the  Rhizocarjxtz,  and  the  Gynmosper- 
tneee,  by  which  the  ferns  and  the 
mosses  are  gradually  connected  with 
the  Phanerogamic  division  of  the 
vegetable  world. 

So,  again,  it  is  only  since  1859  that 
we  have  acquired  that  wealth  of 
knowledge  of  the  lowest  forms  of  life 
which  demonstrates  the  futility  of  any 
attempt  to  separate  the  lowest  plants 
from  the  lowest  animals,  and  shows 
that  the  two  kingdoms  of  living  nature 
have  a  common  borderland  which 
belongs  to  both  or  to  neither. 

Thus  it  will  be  observed  that  the 
whole  tendency  of  biological  investi- 
gation, since  1859,  nas  been  in  the 
direction  of  removing  the  difficulties 
which  the  apparent  breaks  in  the 
series  created  at  that  time ;  and  the 
recognition  of  gradation  is  the  first 
step  toward  the  acceptance  of 
evolution. 

As  another  great  factor  in  bringing 
about  the  change  of  opinion  which 
has  taken  place  among  naturalists,  I 
count  the  astonishing  progress  which 
has  been  made  in  the  study  of  embry- 
ology. Twenty  years  ago,  not  only 
were  we  devoid  of  any  accurate 
knowledge  of  the  mode  of  develop- 
ment of  many  groups  of  animals  and 
plants,  but  the  methods  of  investiga- 
tion were  rude  and  imperfect.  At 
the  present  time,  there  is  no  impor- 
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tant  group  of  organic  beings  the 
development  of  which  has  not  been 
carefully  studied ;  and  the  modern 
methods  of  hardening  and  section- 
making  enable  the  embryologist  to 
determine  the  nature  of  the  process 
in  each  case,  with  a  degree  of  minute 
ness  and  accuracy  which  is  truly 
astonishing  to  those  whose  memories 
carry  them  back  to  the  beginnings  of 
modern  histology.  And  the  results 
of  these  embryological  investigations 
are  in  complete  harmony  with  the 
requirements  of  the  doctrine  of  evolu- 
tion. The  first  beginnings  of  all  the 
higher  forms  of  animal  life  are  similar, 
and  however  diverse  their  adult  con- 
ditions, they  start  from  a  common 
foundation.  Moreover,  the  process  of 
development  of  the  animal  or  the 
plant  from  its  primary  egg  or  germ  is 
a  true  process  of  evolution — a  process 
from  almost  formless  to  more  or  less 
highly  organized  matter,  in  virtue  of 
the  properties  inherent  in  that  matter. 

To  those  who  are  familiar  with  the 
process  of  development  all  a  priori 
objections  to  the  doctrine  of  biologi- 
cal evolution  appear  childish.  Any 
one  who  has  watched  the  gradual 
formation  of  a  complicated  animal 
from  the  protoplasmic  mass,  which 
constitutes  the  essential  element  of  a 
frog's  or  a  hen's  egg,  has  had  under 
his  eyes  sufficient  evidence  that  a 
similar  evolution  of  the  whole  animal 
world  from  the  like  foundation  is,  at 
any  rate,  possible. 

Yet  another  product  of  investiga- 
tion has  largely  contributed  to  the 
removal  of  the  objections  to  the 
doctrine  of  evolution  current  in  1859. 
It  is  the  proof  afforded  by  successive 
discoveries  that  Mr.  Darwin  did  not 
overestimate  the  imperfection  of  the 
geological  record.  No  more  striking 
illustration  of  this  is  needed  than  a 
comparison  of  our  knowledge  of  the 
mammalian  fauna  of  the  Tertiary 
epoch  in  1859  with  its  present  condi- 
tion. M.  Gaudry's  researches  on  the 
fossils  of  Pikermi  were  published  in 
1868,  those  of  Messrs.  Leidy,  Marsh, 
and  Cope,  on  the  fossils  of  the  West- 
ern Territories  of  America,  have  ap- 


peared  almost  wholly  since  1870, 
;hose  of  M.  Filhol  on  the  phosphorites 
of  Quercy  in  1878.  The  general 
effect  of  these  investigations  has  been 
to  introduce  to  us  a  multitude  of 
extinct  animals,  the  existence  of  which 
was  previously  hardly  suspected  ;  just 
as  if  zoologists  were  to  become  ac- 
quainted with  a  country,  hitherto 
unknown,  as  rich  in  novel  forms  of 
life  as  Brazil  or  South  Africa  once 
were  to  Europeans.  Indeed,  the 
fossil  fauna  of  the  Western  Territories 
of  America  bids  fair  to  exceed  in 
interest  and  importance  all  other 
known  Tertiary  deposits  put  together  ; 
and  yet,  with  the  exception  of  the  case 
of  the  American  tertiaries,  these  in- 
vestigations have  extended  over  very 
limited  areas ;  and,  at  Pikermi,  were 
confined  to  an  extremely  small  space. 

Such  appear  to  me  to  be  the  chief 
events  in  the  history  of  the  progress 
of  knowledge  during  the  last  twenty 
years,  which  account  for  the  changed 
feeling  with  which  the  doctrine  of 
evolution  is  at  present  regarded  by 
those  who  have  followed  the  advance 
of  biological  science,  in  respect  of 
those  problems  which  bear  indirectly 
upon  that  doctrine. 

But  all  this  remains  mere  secondary 
evidence.  It  may  remove  dissent, 
but  it  does  not  compel  assent.  Pri- 
mary and  direct  evidence  in  favor  of 
evolution  can  be  furnished  only  by 
paleontology.  The  geological  record, 
so  soon  as  it  approaches  completeness, 
must,  when  properly  questioned,  yield 
either  an  affirmative  or  a  negative 
answer  :  if  evolution  has  taken  place, 
there  will  its  mark  be  left  ;  if  it  has 
not  taken  place,  there  will  lie  its 
refutation. 

What  was  the  state  of  matters  in 
1859  ?  Let  us  hear  Mr.  Darwin,  who 
may  be  trusted  always  to  state  the 
case  against  himself  as  strongly  as 
possible. 

"  On  this  doctrine  of  the  extermina- 
tion of  an  infinitude  of  connecting 
links  between  the  living  and  extinct 
inhabitants  of  the  world,  and  at  each 
successive  period  between  the  extinct 
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and  still  older  species,  why  is  not  every 
geological  formation  charged  with  such 
links?  Why  does  not  every  collection 
of  fossil  remains  afford  plain  evidence 
of  the  gradation  and  mutation  of  the 
forms  of  life  ?  We  meet  with  no  such 
evidence,  and  this  is  the  most  obvious 
and  plausible  of  the  many  objections 
which  may  be  urged  against  my  the- 
ory." * 

Nothing  could  have  been  more  use- 
ful to  the  opposition  than  this  char- 
acteristically candid  avowal,  twisted 
as  it  immediately  was  into  an  ad- 
mission that  the  water's  views  were 
contradicted  by  the  facts  of  palaeon- 
tology. 

But,  in  fact,  Mr.  Darwin  made  no 
such  admission.  What  he  says  in  ef- 
fect is,  not  that  palaeontological  evi- 
dence is  against  him,  but  that  it  is 
not  distinctly  in  his  favor  ;  and  with- 
out attempting  to  attenuate  the 
fact,  he  accounts  for  it  by  the  scanti- 
ness and  the  imperfection  of  that  evi- 
dence. 

What  is  the  state  of  the  case  now, 
when,  as  we  have  seen,  the  amount  of 
our  knowledge  respecting  the  mam- 
malia of  the  Tertiary  epoch  is  increased 
fiftyfold,  and  in  some  directions  even 
approaches  completeness  ? 

Simply  this,  that,  if  the  doctrine  of 
evolution  had  not  existed,  palaeontolo- 
gists must  have  invented  it,  so  irre- 
sistibly is  it.  forced  upon  the  mind  by 
the  study  of  the  remains  of  the  Ter- 
tiary mammalia  which  have  been 
brought  to  light  since  1859. 

Among  the  fossils  of  Pikermi, 
Gaudry  found  the  successive  stages  by 
which  the  ancient  civets  passed  into 
the  more  modern  hyaenas  ;  through  the 
Tertiary  deposits  of  Western  America 
Marsh  tracked  the  successive  forms 
by  which  the  ancient  stock  of  the  horse 
has  passed  into  its  present  form ;  and 
innumerable  less  complete  indications 
of  the  mode  of  evolution  of  other 
groups  of  the  higher  mammalia  have 


been  obtained. 

In  the  remarkable 


memoir  on  the 


*  "  Origin  of  Species,"  ed.  i,  p.  463. 


phosphorites  of  Quercy  to  which  I 
have  referred,  M.  Filhol  describes 
no  fewer  than  seventeen  varieties 
of  the  genus  Cynodictis,  which  fill  up 
all  the  interval  between  the  viverine 
animals  and  the  bear-like  dog  Am- 
phicyon;  nor  do  I  know  any  solid 
ground  of  objection  to  the  supposi- 
tion that,  in  this  Cynodtctis-Amphicyon 
group,  we  have  the  stock  whence  all 
the  Viveridas,  Felidae,  Hyaenidae, 
Canidae,  and  perhaps  the  Procyonidae 
and  Ursidae,  of  the  present  fauna 
have  been  evolved.  On  the  con- 
trary, there  is  a  great  deal  to  be  said 
in  favor. 

In  the  course  of  summing  up  his  re- 
sults, M.  Filhol  observes  : — 

"During  the  epoch  of  the  phos- 
phorites great  changes  took  place  in 
animal  forms,  and  almost  the  same 
types  as  those  which  now  exist  became 
defined  from  one  another. 

"Under  the  influence  of  natural 
conditions  of  which  we  have  no  exact 
knowledge,  though  traces  of  them 
are  discoverable,  species  have  been 
modified  in  a  thousand  ways :  races 
have  arisen  which,  becoming  fixed, 
have  thus  produced  a  corresponding 
number  of  secondary  species." 

In  1859,  language  of  which  this  is 
an  unintentional  paraphrase,  occurring 
in  the  "  Origin  of  Species,"  was  scout- 
ed as  wild  speculation  ;  at  present, 
it  is  a  sober  statement  of  the  con 
elusions  to  which  an  acute  and  crit- 
ically-minded investigator  is  led  by 
large  and  patient  study  of  the  facts  of 
palaeontology. 

I  venture  to  repeat  what  I  have  said 
before,  that,  so  far  as  the  animal  world 
is  concerned,  evolution  is  no  longer  a 
speculation,  but  a  statement  of  histor- 
ical fact.  It  takes  its  place  alongside 
of  those  accepted  truths  which  must 
be  reckoned  with  by  philosophers  of 
all  schools. 

Thus  when,  on  the  first  day  of  Octo- 
ber next,  the  "  Origin  of  Species " 
comes  of  age,  the  promise  of  its  youth 
will  be  amply  fulfilled ;  and  we  shall 
be  prepared  to  congratulate  the  ven- 
erated author  of  the  book,  not  only 
that  the  greatness  of  his  achievement 


45 


438 


'BEACON  LIGHTS  OF  SCIENCE. 


and  its  enduring  influence  upon  the  long  enough  to  outlast  detraction  and 
progress  of  knowledge  have  won  him  ;  opposition,  and  to  see  the  stone  that 
a  place  beside  our  Harvey  ;  but,  still  the  builders  rejected  become  the  head- 
more,  that,  like  Harvey,  he  has  lived  stone  of  the  corner. 
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